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JUST ONE MORE! and the reasons why 


Why so many? Because V-Bolt, the aerospace industry’s most versatile blind fastener, 
proven over a long period, has wide aerospace acceptance by prime and sub-contractors. 
Because: Voi-Shan’s in-depth laboratory testing of all kinds has demonstrated V-Bolt 
dependability; the proof is continued customer satisfaction in the test of time. So Many, 
because V-Bolt is readily available from huge Voi-Shan stocks in a variety of types and 
sizes to meet all blind fastener requirements. V-Bolt is manufactured in many materials 
to meet various specific needs: A-286, Alloy Steel, Aluminum and 5% Chrome die steel. 
Voi-Shan stocks a full diameter range -5/32" through 3/8" and all oversize types for 
repair and maintenance. Because, in hexagonal or countersunk head configurations, 
V-Bolt is simply installed with regular crib stock tools. Proven, by Voi-Shan's superior 
engineering quality standards - industry’s high shear and tensile strength requirements 
are easily surpassed. A variety of test data is available upon request. ■ V-Bolt has 
variable grip accommodations (see drawings), and is a solution to problems in virtually all 
one-sided structural assemblies. For further details write on your letterhead to: 

VOI-SHAN MANUFACTURING COMPANY ( ) 

A DIVISION OF VSI CORPORATION, 8463 Higuera Straat, Culver City, California ^ 

Circle Number 2 on Reoder-Service Cord 



Where else can you gel a Navigator 
weighing only 48 pounds? 


Don’t spend too much time looking. We’ve checked care- 
fully and can’t find any other Doppler radar system 
that even approaches GPL’s GPK-1000 in lightness 
(only 48 pounds) and compactness (only one cubic 
foot total for all components) . 

Chosen by U.S. Navy. Designated by the U.S. Navy 
as AN/APN-153 (V) for use in new ASW, attack and 
weather aircraft, this GPL system is fully operable 
within 45 seconds; provides automatic acquisition 
in less than 20 seconds; operates In any weather, 0 to 
70,000 feet; retains high accuracy through virtually all 


aircraft attitudes. Easy to install . . . operate . . . maintain. 
Components can be interchanged without rccalibration. 
Meets Requirements of High-Performance Air- 
craft. Model GPK-1000 meets the air navigation needs 
for just about all aircraft, all speeds, all altitudes. For 
further details contact: General Precision Aerospace, 
GPL Division, Dept. DPA. Pleasantville, New York. 







Parts such as these show why Wyman-Gordon 
is so often entrusted with forging the shape of 
things to come in space hardware. Size-and- 
configuration barriers have been breached, in light 
metals through superalloys, by pioneering work of 
the forging industry’s largest, most thoroughly 
space-oriented research program. Even more sig- 
nificant pioneering is evident in Wyman-Gordon’s 
single-pass extrusion of Titanium and roll forging 
of high-temperature alloys. Both are extending 
performance and reliability potentials of top-project 
propulsion systems — nuclear as well as chemical. 
But such developments merely highlight the unique 
breadth of experience and know-how Wyman- 
Gordon brings to every space-forging problem 
— whatever the project mission or environment. 


Spacecraft structural 
forging of Rene 41 
measures 13*13x5" 
with a forged weight 
of 139 lbs. 


Extruded reactor case 
of nuclear engine is 
51*36" with a weight 
of 745 lbs. in 
5A12V4$n Titanium 
alloy. 


2149-lb. Inconel X 
injector for lunar 
landing launch vehicle 


VEHICLE, ENGINE OR BOOSTER 


the advanced-project forgings 
are developed at Wyman-Gordon 


tural beam of 


lbs! 




WYMAN-GORDON 


AGASTAT reliability 

time/delay/relay J 

played an important part 
in these aviation achievements . 


1931 


introduction of night airmail from New York 
to Chicago— birth of AGASTAT principle for 
airfield landing-light control. 


1942 


B-17s and B-24s used AGASTAT time/delay/ 
relays for control of the bomb release 
signal system. 


10/10 p -80, the first production jet fighter, 

1 b/ C7 relied on AGASTATs in the jet 
ignition system. 


provided a fixed time delay i 
armament system. 


1957 




Atlas ushered in the ICBM age with — 

AGASTAT time/delay/relays both in the bird 
and ground control system. 


ESN A pioneered the electrically-actuated 
pneumatically-timed relay in 1931, and 
today offers a full line of time/delay/ 
relays-your guarantee of objective appli- 
cation engineering assistance. Write for 
Information on these high-reliability units, 
or for a quotation on your specific re- 
quirements. Dept s-4-13 


AGASTAT 


TIMING INSTRUMENTS 

ELASTIC STOP NUT CORPORATION OF AMERICA 


ELIZABETH DIVISION • ELIZABETH. NEW JERSEY 




NEW- from ITTSurprenant 




IT SURPRENANT SURCOOUR"s 


World’s most nearly perfect AIRFRAME wire: new SURCODUR 
in heavy duty abrasion-resistant Teflon 


ITT 


SURCODUR hook-up wire preserves 
all the exceptional electrical and ther- 
mal properties of Teflon TFE and FEP 
insulation: lowest dielectric constant, 
lighter weight, higher heat resistance, 
greater mechanical strength, non- 
flammability. no shrinkback or insula- 
tion damage from soldering, chemical 
inertness, and flexibility even at low 
temperatures. 




But now ITT Surprenant Laboratories 
have overcome the previous weakness 
of TFE resins— low abrasion resistance 
due to poor cold flow properties. The 
secret: extrusion of a remarkable triple 


insulation of ultra abrasion-resistant 
material sandwiched between two lay- 
ers of pure Teflon. 

Specify Surprenant Mil Spec MS 
17411, MS 17412, MS 18000 and 
MS 18001 (WEP). Available in all 
types and sizes, with silver-plated or 
nickel-plated conductors. 

See your ITT Surprenant representa- 
tive for full details or write for techni- 
cal information. 

Surprenant Mfg. Co., a Subsidiary of 
International Telephone and Telegraph 
Corporation, Clinton. Massachusetts. 





Holds more . . . 
Tells more . . . 


In outer, inner, and inbetween space, Leach Tape Recorders 
hear and tell more for their tiny size and weight than any other 
recorders. And they work best when the going isn't. 

Only seven pounds light, the Satellite Recorder/Reproducer 
(MTR-2100) withstands launch and re-entry, records 
for 210 mins, at 1.8 ips and requires the minimum 
power consumption. 

Less than 2 lbs. light (actually only 26 ounces) this 
smallest Leach Recorder (MTR-362 LT) takes 2000 G's of 
shock and works in temperatures from — 100°F to 180°F. 
Only nine pounds light, this Leach Recorder (MTR-800) 
has a tape capacity of 300 feet of one mil Mylar tape, 
withstands shock to 750 G's and vibration to 15 G's to 
2000 cps. Proved during rocket sled tests. 

Only 13 pounds light, this Leach Recorder (MTR-1200) 
is now used in underground nuclear tests. It has a tape 
capacity of 720 feet of one mil Mylar tape on up to 
16 channels. Takes shock to 750 G's and vibration to 15 G's 
to 2000 cps. 

Leach makes the accessory electronics, too — all 
interchangeable for selection of record modes between 
analog, digital and fm. 

Off the shelf or off the drawing boards, Leach Tape Recorders 
will make the toughest job sound easy. For full details 
write Leach today. 



IN THE ATMOSPHERE 




LEACH 

CORPORATION 



Five years 
in outer space 
prove reliability 
of TEFLON* 
under radiation 
...hard vacuum 


March 17, 1958: Vanguard I is placed 
into orbit. All insulators in the coaxial 
fittings are made of a Du Pont Teflon 
TFE-fluorocarbon resin. So are the 
feed-through insulators of the satel- 
lite’s antenna system, and the trans- 
mitter field-coil core. 

Today, more than five years after 
launch. Vanguard I is still transmit- 
ting intelligible signals. 

This is just another example of the 
reliability in use demonstrated by 
Teflon under the most demanding 
space-environment conditions. It con- 
firms exacting laboratory evaluations 
of Teflon as regards outgassing and 
radiation resistance in hard vacuum. 

If high reliability in space environ- 
ments is demanded of your product, 
consider the proven advantages of 
Teflon resins. For more information, 
write to: E. I. du Pont de Nemours & 
Co.(lnc.),Div.AW-3-l I-63TE, Room 
2526. Nemours Building, Wilmington 
98, Delaware. 

In Canada: Du Pont of Canada Ltd., 
P.O. Box 660, Montreal, Quebec. 


TEFLON 



BETTER THINGS TOR BETTER tlWNG . . . THROUGH CHEMISTSY 


We are heavily involved in exotic instrumentation. 



A case in point is life support. 


In our work to sustain human life in earth orbit, deep 
space and other hostile environments, we must draw upon 
the best capabilities to conceive, design and produce a 
unique array of life support systems and instrumentation. 

The knowledge and experience we have accumulated 
in the fabrication of breathing oxygen pressure control 
and supply equipment over the past 30-odd years has led, 
in turn, to these current developments: supercritical 
cryogenic atmosphere supply systems: pressure control 
equipment; temperature and humidity control devices; 


toxic gas removal units and steam turbine air blowers. 
Systems designed and manufactured by us are in aero- 
space flight use as well as in toxic, radioactive, underwater 
and other hostile environments that utilize many combina- 
tions of our design, development and production abilities. 

In addition to life support, we are involved in cryo- 
genics, propellant measurement and control, precision 
special-purpose electronics. We would be pleased to help 
you solve your particular instrumentation problems; just 
write us at Dept. APR in Davenport, Iowa. 




Pioneer-Central Division 



IMMEDIATELY AVAILABLE 
TACTICAL WEAPON SYSTEM 




WHY A SEMI-AUTOMATED CYLINDER OVERHAUL LINE? 


Because we still haven’t found a mechanical 
substitute for the skill and judgement re- 
quired for a high quality overhaul. There 
are too many variations to compensate for; 
almost every cylinder requires a different 
treatment. Airwork installed enough cyl- 
inder overhaul automation to sharply reduce 
the cost per cylinder . . . but retained all the 
stations where human judgement preserves 
the quality of individual cylinder overhaul 
methods. 

For example, Airwork replaces all valve 
guides at overhaul. The new valve guides are 
reamed to exactly fit (within .0015") their 
mating valve stem. The valves are measured, 
then put in a special board that shows ex- 
actly which one goes with the cylinder being 
reamed. The operator mikes the valve stem, 
then selects the right size reamer from the 


more than 200 stored in the cabinet in the background. 

To maintain accuracy, the normal .006" taper in the 
valve stem has been reduced to not more than .002" on a 
special honing machine before it reaches this station. The 
combination of a less barrel shaped valve stem and a more 
accurately fitted valve guide provides maximum protec- 
tion against oil leaks. 

Airwork uses automation to reduce the physical effort 
involved in handling 
28-pound cylinders . . . 
but keeps all the skills 
a quality overhaul de- 
mands. This is progress 
— without loss of crafts- 
manship — one more 
reason an Airwork over- 
hauled engine will pro- 
vide a long, trouble-free 
operating life. 





Min-K® insulation does 

THE INSULATION WITH A CONDUCTIVITY 
LOWER THAN STILL AIR CHOSEN TO PROTECT 
TWO ASTRONAUTS ON A TWO-WEEK ORBIT 

Min-K, the insulation that performed flawlessly in the 
Mercury spacecraft, has been chosen by the McDonnell 
Aircraft Corporation for the NASA Project Gemini. 
This time, Min-K will be called upon to protect two as- 
tronauts orbiting in one spacecraft. And the duration of 
the flight may be as long as two weeks. 

Min-K, used in the critical areas of the spacecraft, 
possesses the unique characteristic of markedly re- 
ducing its thermal conductivity as atmospheric pressure 
decreases. Min-K also has a thermal diffusivity lower 
than ordinary materials five times its weight. 

Circle Number 13 on 


double duty on Gemini 

The Gemini spacecraft will utilize another Johns- 
Manville insulation- J-M Thermoflex® RF Felt. As a 
matter of fact, Thermoflex was also used aboard all 
Mercury spacecraft to protect U. S. astronauts against 
high temperatures during blast-off and re-entry. 

J-M produces a complete line of aviation insulations. 
For details on the entire range of products, write to J. 
B. Jobe, Vice President, Johns-Manville, Box 14, New 
York 16, New York. In Canada: Port Credit, Ontario. 
Cable address: Johnmanvil. 

Johns-Manville Si 







AAE REPORTS ON ADVANCED AERIAL RECOVERY TECHNIQUES 








Portable Vapor Cycle 
Air Conditioning 
for 

Electronic 
Cooling 


Smaller size, lighter weight, proved operational reliability 


Compactness and Lightweight: Garrett-AiResearch 
400 cycle vapor cycle air conditioning packages are 
based upon experience of designing, manufacturing, and 
supporting nearly 100,000 airborne and ground air 
conditioning systems. 

Reliability and Maintainability: 

• More than 2.5 million operating hours accumulated 

on commercial refrigerant compressors. 

• 42,000 hours mean time to failure, and overhaul 

period of 7000 hours on operational compressors 
in commercial jet airline operation. 

• Centrifugal compressor design has but one moving 

assembly; reduces wear potential, and is easier 
to maintain in field. 


• Single manufacturer of all package components with 

world-wide field service engineering. 

Environmental Capability 

• Meets all applicable MIL specs on vibration and 

shock, extreme environment, radio interference, 

• Ambient operating range from —65° to 125°F. 

Autonomous Deployment 

• Lightweight and small size meets all field deploy- 

ment requirements. 

• Module capacities from 1.5 to 10 tons of refrigera- 

tion can be transported by hand. 

Write for literature to Environmental Control Systems, 
AiResearch Manufacturing Division, Los Angeles. 



AIRESEARCH MANUFACTURING DIVISIONS • Las Angeles 9. California ■ Phoenix, Arizona 
Systems and Components lor: 

Aircraft, Missile, Spacecraft, Electronic, Nuclear and Industrial Applications 



. . . buys EMR's Model 210, a 
precision phase - locked - loop 
discriminator that’s available 
at quick - look discriminator 
prices. It is telemetry’s biggest 
bargain. It's not just a low-cost 
discriminator . . . field tests 
have proved again and again 
that it is the best available at 
any price. Try it yourself. Write 
Sec. 118 for details. 


W Emu M 


ELECTROMECHANICAL 
RESEARCH, INC. 









ACTUAL PERFORMANCE DATA VERSUS CUSTOMER'S SPECIFICATIONS 


NASA Selects Rohr 

To Build 210 Ft. Antenna For Goldstone 


PROOF OF PERFORMANCE... 
LATEST CHAPTER IN THE 
BIG ROHR ANTENNA STORY 


Rohr Offers the Complete 
Antenna Package from 
Design Through Manu- 
facturing, Quality Con- 
trol, Field Installation 
and Field Performance 
A unique antenna concept at Rohr 
means complete systems responsi- 
bility from design through field test 
to meet customer requirements 
anywhere in the world ... the an- 
tenna service now strengthened 
even more by proof of performance 
far exceeding customer specifica- 
tions on Rohr-designed and Rohr- 
built 30-foot and 85-foot antennas. 
The Rohr antenna concept further 
includes the preference to be fully 
responsible for servo and control 
systems from the outset ... al- 
lowing for full consideration and 
integration through design and fab- 
rication. Basically, our philosophy 
has been one of introducing a new 
standard of precision to meet the 
ever-growing need for greater levels 
of accuracy in antenna operations. 
The fact that new precision stand- 
ards have been achieved is proven 
through Rohr conducted test per- 
formance data now available. Rohr 
has designed, built and erected 5 
antennas of widely varying sizes 
and configurations— for 4 custom- 
ers— in 5 widely varying environ- 
mental conditions around the 
world. And other antennas of even 
more accuracy are being designed 
and fabricated at Rohr today. 



Rohr Antenna Research, 
Design and Engineering 

Rohr's Antenna Systems Engineer- 
ing Group was formed by recruiting 
from leading firms throughout the 
country and integrating these top 
antenna men with veteran Rohr 
aircraft engineers. This engineer- 
ing group builds antenna design 
concepts on a broad base of knowl- 
edge acquired through the years 
. . . supported by intensive Rohr 
research in areas such as wind 
tests, vibration analysis, contour 
measuring tests, environmental 
studies, surface panel tests and 
truss evaluations. 

Rohr Precision Antenna 
Fabrication Capabilities 

Rohr's manufacturingfacilities and 
know-how are, we believe, un- 
matched in the field of antenna 
fabrication. Our inventory of ma- 
chines includes some of the world’s 
largest presses and forming ma- 
chines, numerically controlled 
machine tools, a battery of big 
bonding autoclaves, large process- 
ing tanks for chemical and heat 
treating, all types of automatic 
welding equipment, plus our tre- 
mendous, unique "antenna manu- 
facture and assembly area” sup- 
ported by huge traveling cranes 
and other strategic machinery. 
These modern antenna machines 
plus trained and talented antenna 
supervision and crews with a wealth 
of knowledge and experience in 
tooling and metal forming provide 
a full, seldom-found antenna fabri- 
cation capability. New Rohr-devel- 
oped fabrication techniques such 
as use of large, structural weld- 
ments vs. bolted connections, and 
magnaflux and x-ray-controlled 
welding offer fabrication proce- 
dures for building in antenna accu- 
racy levels not possible before. 

Antenna Quality Control 

Special quality control techniques 
are common procedure at Rohr. 
For instance, the unique, Rohr- 
developed contour measurement 
system which lends a more eco- 
nomical and precise method of 
verifying specified surface toler- 
ances. The optical theodolite used 
in this measuring process operates 
in all reflector attitudes and re- 


quires only one origin to check the 
relationship of the feed support 
and reflector surface to the an- 
tenna axis. A fully equipped and 
fully staffed Quality Process Con- 
trol Laboratory verifies materials 
and certifies all applicable equip- 
ment. In addition to these and 
other quality control techniques at 
Rohr, many of the critical antenna 
components are test assembled in 
plant prior to shipment, providing 
factory controlled accuracy that 
means savings in time and money 
in field installation. 

Antenna Field Erection 

Full, follow-through on-site erection 
service is another important part 
of the complete Rohr antenna pack- 
age. Today Rohr has trained, ex- 
perienced, erection crews ready to 
provide full field installation serv- 
ice anywhere in the world. For in- 
stance, Rohr is erecting three 
antennas simultaneously in three 
widespread locations. Rohr main- 
tains a high degree of coordination 
with other contractors— servo, elec- 
tronics and others— who may be 
associated with a project. 

Rohr Antenna Field Test 

Rohr's trained field crews work 
with the customer in on-site oper- 
ational check-out of every antenna 
installation. This service extends 
the company's quality control re- 
sponsibility through to operational 
readiness and assures accurate 
antenna performance in every 
attitude. 

For the Complete Rohr 
Antenna Story Write to: 

Marketing Manager, Dept. 13 , 
Rohr Corporation, Chula Vista, 
Calif. Rohr Sales Offices in Wash- 
ington, D.C.; Huntsville, Ala.; Hous- 
ton, Texas and Dayton, Ohio. 
Main Plant and Headquarters: 
Chula Vista, Calif. / Plant: River- 
side, Calif. / Assembly Plants: 
Winder, Ga.; Auburn, Wash. 








Need a synchro? 


Send for one of these or one of these. 


One of the advantages you'll find in coming to us for 
Autosyn® synchros is the personal touch. Our sales engi- 
neers work very closely with our customers. 

Another advantage, of course, is the complete line that 
we offer. We manufacture and sell close to a thousand 
different types of synchros. Some of the parts have 
measurements as close as 50 millionths of an inch. All 
parts are ultrasonically cleaned before assembly. 

We are currently working on units that will operate 


efficiently in temperatures as high as 1200°F. And we are 
supplying synchros that are resistant to nuclear radiation 
and are capable of efficient operation at 800°F. 

Our test and assembly facilities have been expanded to 
an area covering 14,000 square feet. New equipment is 
permitting production of parts accurate enough for use in 
space and missile applications. So you see, there’s nothing 
we can’t handle in the way of synchros. Call us in South 
Montrose, Pa.; Phone Montrose 570, TWX 199. 


Montrose Division 





PARTS OR 

UAP offers unique skills to design, develop and 
manufacture any component or complete, sophisti- 
cated fluid control systems for space vehicles, mis- 
siles, aircraft and ground support equipment. Vir- 
tually all components for fluid motion and control 
— pumps, heat exchangers, packaged electronic 
controls, valves, strainers, reservoirs, pressure ves- 
sels and seals are manufactured by UAP! 

Complete fluid systems, designed with matched 
components all made by UAP, provide ultimate 
component compatibility, maximum system relia- 


PACKAGES 

bility, space and weight savings, simplified check- 
out, and single supplier responsibility. For more 
details, write, or phone 224-3841 today. UAP means 
United Aircraft Products. Since 1929, a dynamic, 
independent company in Dayton, Ohio. A name to 
remember when it comes to fluid motion and control. 






SURVIVABILITY.. • Continually striving to better safeguard man 

in the air, PACIFIC SCIENTIFIC has designed and developed the 0103 Series Ballistic- 
operated Harness Reel. Employing these cartridge-actuated devices, a pilot or astronaut can 
now be automatically secured to his seat and properly positioned before ejection. This is the 
latest of PACIFIC'S emergency restraint systems providing for man's safety in the crucial 
moment between airborne emergency and ejection — when survivability depends on instant 
readiness. □ The 0103 Series Ballistic Harness Reel is currently being used op the B-58, 
B-70 and Dyna-soar escape systems. With still other development projects underway, 
PACIFIC SCIENTIFIC is ready to meet tomorrow’s space-age requirements. □ When 
your program deals with the survival of man in the air, orbit, or space flight. ..call 



PACIFIC 

SCIENTIFIC 

COMPANY 




Itinerant tropo scatter systems 


Making a tropospheric scatter communications system is 
one thing. Making it air transportable and mobile is another. 
By distributing weight equally in vans, we've done it with 
the AN/MRC-98, which we are supplying for the U.S. Air 
Force Rome Air Materiel Area. 

Any of the three vans or antenna trailers can be carried 
in a C-130 type aircraft. And ten men can set it up in 12 
hours, to provide a completely self-contained communica- 
tions terminal, including prime power. 

The MRC-98 as currently delivered can relay 24 voice 
messages and 12 teletype messages at a time, by bouncing 
radio waves off the troposphere in hops of approximately 
200 miles. It has the built-in capability of handling 60 voice 
messages and 48 teletype messages. This quadruple diversity 


system is reliable 12 months a year, even under the poor 
atmospheric conditions of the winter months. 

Principal components of the AN/MRC-98 10 KW system 
are the AN/FRC-39(V) receiver-transmitter, the AN/FCC- 
17 mutiplexer set, in-band signaling equipment CV /566-GT, 
order-wire equipment, two 28-ft. parabolic reflector antennas, 
two 150 KW generators. It operates in the 755 to 985 me band. 

The system is compatible with the Defense Communica- 
tions System long-haul circuits, and offers an economical 
and quick means of extending communications to new areas. 
For more information on this tropo scatter system, and/or 
militarized mobile or fixed ground stations for satellite com- 
munications, write us care of Government Marketing in 
Baltimore 4, Maryland. 



Bendix Radio Division 





ARMY ENGINEERS 
WANTED MUSCLE AND 
HUSTLE BOTH IN ONE 
VEHICLE... 

CATERPILLARS 
CAPABILITIES 
CREATED THE 



Hustle a convoy-trailer down the high- 
way at 30 mph. Turn off the road and 
wade into rugged terrain. That's what 
Army Engineers wanted. That’s what 
Caterpillar delivered . . . and is produc- 
ing... the unique 830M. 

Unique Capabilities ... Unique Ve- 
hicles. This machine has road speed 
and terrain-taming power. The 830M 
is a 4-wheel drive articulated tractor 
with hydraulic steering. It took the spe- 
cialized facilities and deep experience 
of Caterpillar to create it... a typical 
example of how Caterpillar capabilities 
can serve military needs. 

First Requirement: Mobility. Here's 
52,200 pounds that can snap along at 
30 mph with a loaded trailer. It can 
turn in a 40-foot diameter. It fords 3 
feet of water, rides a plane or a train 
(to Berne Scale specifications) and can 


be operated by any motor-pool driver 
checked out on trucks. 

Second Requirement: Power. The 
830M clears sites and cuts roads with 
a bulldozer and an 18-yard scraper. 
Bulldozing, it handles more than 100 
bank cubic yards an hour. On a 1500- 
foot haul with the scraper, it moves 348 
bank cubic yards an hour. 

Third Requirement: Reliability. Pre- 
production model logged over 800 hours 
of bruising duty during exhaustive tests 
at Caterpillar’s Peoria Proving Grounds. 
Caterpillar know-how built the 830M . . . 
Caterpillar reliability went into every 
working pound. 

Caterpillar Added the Extras. The 

830M pushes a freight car without rail 
damage. It pulls an amphib from the 
water. It can tow a tank . . . push a snow 


plow or be equipped with compactor 
wheels. It performs in punishing cli- 
mates — from an arctic 25° below zero 
to a tropical 125° above (F.). 

New Military Challenges. If your or- 
ganization's research plans include 
special vehicles, components, engines 
or generator sets, you’ll want to know 
more about Caterpillar's unusual re- 
search and development capabilities. 
Write to Defense Products Department, 
Caterpillar Tractor Co., Peoria, III. 


CATERPILLAR 




The Stokes Space System Department has been 
named prime contractor for the design and installa- 
tion of three new space environment simulation 
chambers, key elements in Douglas Aircraft Cor- 
poration's privately financed Space Systems Center 
at Huntington Beach, California. The largest and 
most technically advanced space-test laboratory on 
the West Coast, the Center will be an integral part of 
Douglas' Missile and Space System Division. 

The largest chamber, 39 ft. in diameter, will be 
capable of testing fully assembled vehicles scheduled 
for manned flight. It will be used in the Saturn 
program, and in the development of lunar and plane- 
tary probe vehicles. The Stokes systems will repre- 
sent the most advanced state-of-the-art on comple- 
tion, and are designed for updating to even higher 
simulation parameters in the future. Stokes units 
similar to these are now achieving vacuums in the 
lO 10 Torr. range. High-speed cryopumping on all 
three chambers at 20°K will assure the attainment 


of true orbital vacuums, even under high gas loads. 
Stokes has assigned CryoVac, Inc. the design, fabri- 
cation and installation of cryogenic systems, and 
named Pittsburgh-Des Moines Steel Company to 
furnish and erect the large steel sphere. 

A deciding factor in the selection of the prime con- 
tractor was Stokes' experience in designing and 
building large, first-of-a-kind space test facilities, 
such as those installed at G.E.’s Space Technology 
Center. Another was Stokes' related background in 
space vacuum and cryogenics, as represented by 
General Electric's and Goddard’s SES and DTC 
systems. To this experience, Stokes adds its long 
and successful history in the development of large- 
scale industrial equipment utilizing ultra-high vac- 
uum, thorough engineering design and coordination, 
fabrication facilities, and field erection service . . . 
an integrated, start-to-finish capability unique in the 
entire area of space environment simulation. Space 
Systems Department, F. J. Stokes Corporation, 5500 Tabor 
Road, Philadelphia 20, Pa. 


F. J. STOKES CORPORATION: PHILADELPHIA / LONDON / TORONTO 


STOKES 








In place of the conventional brake for each 
wheel, the B-70 has a single brake on the torque 
tube between each pair of wheels. 

This unique design saves space and simplifies 
maintenance. The two -wheel brake permits 
smaller wheels and tires and reduces overall 
system weight. Servicing is easier since brakes 
are accessible and can be removed without 
jacking up the aircraft. In addition, location of 
the brakes reduces heat transmission to tires 
and permits brake cooling by the air stream. 

In developing this system in conjunction 
with North American Aviation, Inc., and 
Cleveland Pneumatic Division, Pneumo- 
Dynamics Corporation, the landing gear con- 
tractor, B. F. Goodrich surmounted many new 


design problems. Each brake has 40 friction sur- 
faces in place of the usual 12 or 14; thus, pressure 
had to be equalized over 40 disks. New types 
of all-metal seals to withstand the heat and 
pressures involved were utilized. Significant 
improvements were made in brake linings. 

The tires also represented problems of a 
new magnitude. Here, BFG achieved tech- 
nical breakthroughs in both materials and de- 
sign, to produce tires which will function for 
prolonged periods at a temperature of 360 °F. 

For your requirements, come to the builder of 
wheels, brakes, and tires for the most advanced 
aircraft. Contact B. F. Goodrich Aerospace and 
Defense Products, a division of The B.F. 
Goodrich Company, Dept. AW-3B, Troy, Ohio. 


BFG develops 
unique two-wheel brake system 
for B-70 





Lunar Gas Chromatograph- 


Designed to travel on the initial moonshot, a Beckman gas chromatograph will go 
to work, analyzing 28 constituents of chunks of lunar crust scooped up and fed 
to the little box. 

In 1961, when NASA-JPL asked Beckman to take on the job, it meant creating 
precision equipment that could face the pull of 300 g, undergo the deep freeze of 
lunar night, and make analyses on solids rather than gases. 

Beckman -leaders in infrared, mass spectrometry, and gas chromatography - 
weighed the virtues of all three techniques. The finding: for spacebome applica- 
tions, the gas chromatograph is best. It's unmatched for ruggedness, simplicity 
of design, environmental stability. 

The lunar chromatograph gives the first indication of the spacebome gas chromato- 
graph’s potential. Tomorrow, the life support system for manned flight will de- 
pend even more on the precision performance of Beckman gas chromatographs. For 
complete information on space-age gas analysis, write to Manager, Contract Sales. 



conjunction with Project Sun 


Beckman 



Inspiration plays a large part at 
The A.W. Haydon Company, where 
our only concern is with time— and 
timing devices. 

Oneofourengineers— inthethroes 
of meditation — hit upon the solu- 
tion to a timing problem. Alas. . .no 
drawing board. Not even a scrap 
of paper! 

Picking up the nearest object— a 


common, everyday eraser— he 
sketched the diagram... to exact 

Two months later, we delivered 
eraser-sized prototypes! We've 
been known to spend years find- 
ing the right solution to a sticky 
time problem, but we never under- 
estimate the power of the quick 
flash! 


Inspiration, it is said, is only 2% 
of invention. Vive la 2%! 

Do you have a time problem? 

We have a timely solution! 

Mil UAYDON 

HlfllCOMPANY 

232 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
E A. W. HAYDON COMPANY, AN EQUAL OPPORTUNITY EMPLOYER. 
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EQUIPMENT 


hydraulic 

power 

CUSTOM DESIGNED 
FOR AIRCRAFT, MISSILE, 
AND GROUND SUPPORT 


INTEGRATED 

HYDRAULIC 


SB 


E!”l¥£r 

op. temp, range; -65"F to + 


POWER SUPPLIES 

PRESSURES TO 5000 PSI 
FLOW RATES TO 50 GPM 

As a single source manufacturer of 
both pumps and drives, Pesco has a 
unique capability to custom-engineer 
hydraulic power supplies. Require- 
ments of size, weight, configuration, 
power input and power output can 
be met by matching Pesco electric or 
hydraulic motors with Pesco fixed 
displacement gear pumps or variable 
displacement piston pumps. Pesco 
hydraulic power supplies are now 
specified for major aircraft and 
missile programs . . . proof of Pesco's 
capabilities to design, build, test, 
and deliver power supplies demand- 
ing high performance and reliability. 


is 
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And a mighty good thing, too. Electronic designers are well aware 
of the extensive damage arc over can cause to high-voltage ele- 
ments such as wave guides. And more often than not, they know, the 

culprit is moisture due to condensation. 

Eastern helps combat the moisture problem with a wide range of 
dehydration and pressurization systems designed to protect vital 
electronic components. This equipment thoroughly dries the air 
and adds to the protection by delivering a controlled flow of pres- 
surized dry air to prevent moist ambient air from seeping into the 
system. 

An aggressive research program has created many outstanding 
developments in this field. One is Eastern’s two cylinder silica gel 
system with built-in completely automatic change-over controls. 


Another novel single cylinder system eliminates the need for 
switching. 

Who relies on Eastern equipment? The leaders, the big name 
projects: Nike Ajax, Hercules, Zeus, Hawk and others. 




EASTERN 


INDUSTRIES 


SKIFF STREET 


HAMDEN 14. CONNECTICUT 



but Warnecke microwave tube repair capability 
can save you thousands of dollars! 

No more high cost tube replacement. No more idle equipment. Call on the 
one knowledgeable, capable, reliable microwave repair service available. 
A Warnecke Field Service Division expert will travel to your site and analyze 
the tube repair problem at nominal cost. Your tube is thoroughly checked, 
and, if repairable, is renovated in Warnecke's complete facility. It is then 
re-installed to function perfectly with every expectation of like-new per- 
formance and durability. Warnecke's repair cost is but a small percentage 
of what you would pay for replacement. Your problem will be solved. 
Your budget greatly strengthened. Call on Warnecke now. 


^WARNECKE 

l yy ELECTRON TUBES. INC. 




BIG 

LQO 

SPHERE 
__ BY PDM., 
r BEST BUY 
BY AIRCO 


The problem was economical storage of H 
37.5 million standard cubic feet of liquid 
oxygen at the Butler, Pa., plant of Air Reduc- ■ 
tion SalesCompany— tobeavailableatabout5lbs. ■ 
pressure. Airco worked out complete performance 9 
specs. ■ The answer is the elevated sphere shown 1 
above built by Pittsburgh-Des Moines Steel Company. j 
W Inside diameter of the inner aluminum sphere is 44' 5". 
W Height is 26' from bottom of inner tank to ground. PDM 
V handled every detail— design, engineering, fabrication, 
erection, cleaning and testing. Airco had only to place the 
sphere in service. It joins dozens of other PDM oxygen vessels, 



NEED PRECISE, 
SPLIT SECOND 
CONTROL OF 
GAS PRESSURIZATION 
AND 

FUEL SYSTEMS? 


Only Anninvalves offer the pinpoint regulation and 
stability required in missile ground facilities 


In design and performance, Annin control 
valves are cryogenic workhorses in missile 
ground handling operations. An example — 
the liquid hydrogen valve shown here, com- 
bining Annin's powerful electrohydraulic 
actuator with a vacuum jacketed valve body. 
The Model EHA-1 actuator offers extremely 
fast operation, high frequency response, 
good positional accuracy and large thrust. It 


electrical signals, and delivers instantaneous 
action while maintaining inherent stability. 
Wherever adverse conditions call for ad- 
vanced design and unmatched performance, 
you'll benefit by contacting The Annin Com- 
pany. division of Worthington Corporation, 
1040 S. Vail Avenue, Montebello, California. 
Send for Bulletin 2000. 



mini 

★ * ★ ★ VALVES 


WORK FOR 



FROM ASTROLABE TO APOLLO 


Astrolabe (1st Century 8.C.)- A Greek invention long used by Arabs and Europeans to provide astro- 
nomical sightings. The Astrolabe is a predecessor to today's sextant. (Cranbrook Institute ol Science) 


GUIDANCE BY AC MEANS- 

ACCURACY, LOW COST, RAPID DEVELOPMENT, EARLY DELIVERY 

The dream to navigate through space is as old as man, and today that dream is 
nearing reality. The capability to turn ideas into reality is found at AC. AC's ability 
to produce accurate systems in rapid time, at low cost with early delivery is now 
being applied to Guidance Systems for the USAF TITAN II and III, NASA's APOLLO 
Program and POLARIS inertial instruments, as well as providing Weapon System 
Integration and Bombing Navigational Systems for SAC aircraft. 

AC welcomes the opportunity to assist you with its proven experience, facilities and 
manpower in system development, production and management. 


APOLLO PROGRAM-AC will fabricate the inertial plat- 
form. with associated electronics, gyroscopes and ground 

bility for assembly and test of all navigation components. 




MASTER NAVIGATORS THROUGH TIME AND SPACE 

■AC SPARK PLUG • THE ELECTRONICS DIVISION OF GENERAL MOTORS 



hyd rogen-orygen 


CAPABILITY MEANS POWER FOR SPACE AND LANDING VEHICLES 


Reciprocating engines for space vehicle power systems 
—developed during the past four years under NASA 
and Air Force contracts— have successfully completed 
test programs at Vickers Aerospace Division. These 
hydrogen-oxygen engines demonstrate: 

READY AVAILABILITY— Designs merely require the 
extension of thoroughly proved mechanical principles 
into new areas of application. Engines are capable of 
operation over a wide range of speeds and power levels. 

APPLICATION FLEXI Bl LITY— Completely integrated 
systems being developed by Vickers can use power 
from reciprocating engines in a variety of ways such as: 

■ In space vehicles to drive an alternator and/or 
hydraulic pump, for equipment and personnel 
cooling, for attitude control— even provide free 
drinking water as a by-product of burning hydro- 
gen and oxygen. 

■ In lunar surface vehicles for propulsion power 
and/or auxiliary power. 

■ Portable power for specialized tools in lunar 
exploration. 

■ Stand-by lunar power supply. 


LIGHT WEIGHT— Low specific propellant consumption 
(0.75 to 1.0 lbs. per hp-hr.) in conjunction with low sys- 
tem fixed weight is offered by internal combustion 
engines currently being developed— a lighter system 
than any other for certain space missions. 

BROAD CHOICE OF FUELS-A variety of fuels-cryo- 
genics (liquid, supercritical fluids and boil-off vapor) or 
hypergolics— can be used. 

TEST DATA AVAILABLE— For technical information 
and comparison of Hz-02 engine with other proposed 
systems ask for Technical Report— "Piston Engines For 
Space Power". Write to Vickers Incorporated, P. 0. 
Box 302, Troy, Michigan. 



Dickers 




self-starting brushless direct 
current servomotor* offers highest efficiency /weight 
ratios, longest life and dependable static-free operation. 
It is the only TRUE brushless direct current motor made 
for battery operation. Others require inversion units. This 
solid-state commutator motor lives longer in space be- 
cause there are no brushes to wear out . . . gone are the 
friction, arcing and wear of switching commutation neces- 
sary for conventional D.C. motors. Shown is the 7.8 oz. 
model being made for NASA's Goddard Space Flight Cen- 
ter. Characteristics include: torque .67 in.-oz. @ 3,000 
rpm and efficiency of 50',. . Write today for complete 
information. 


FROM THE FACILITIES 
OF SPERRY FARRAGUT 


New Satellite Heart Lives 

World's First TRUE 
Brushless DC Motor 


SPERRY-FARRAGUT 

<0 


FREE 

TECHNICAL 

REPORT 


e today to Dept. AW-3 


Another Space-Age First From 


SPERI \RRAGUT 

COMPANY 

DIVISION OF SPERRY HAND CORPORATION 

BRISTOL, TENNESSEE 
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Floating on a film of air, this six freedom-of-motion machine simulates the 
problems of rendezvous, docking and use of space tools. In proposing solutions 
to mobility problems such as this, Clark Equipment Company applies more than 
60 years' experience in developing and manufacturing power transmission, material 
handling, and transportation equipment. Only Clark has this unity of demonstrated 
capability. Invite Clark to participate in an operations analysis, product or 
systems development approach to your mobility problem. Write or oall Manager, 
Clark Development Division, Clark Equipment Company, Battle Creek, Michigan. 




Grumman’s orbiting astronomical observatory (OAO) 
will look into outer space. 



We’ll look after the power. 


We call the device you see a static-type battery-charge 
and sequence controller. It's the first unit of this type for 
a space application. It does several jobs: keeps battery 
state-of-charge up to operating limits; charges one battery 
at a time and maintains standby batteries inoperative; 
permits the operating battery to discharge during dark- 
ness to support spacecraft loads; supports the loads during 
daylight, if necessary; follows ground command orders; 
provides data on battery terminal and cell voltages, and 


system heat-sink temperatures — all automatically. 

Our background in the electric power field extends 
over the complete range of power-generating, converting, 
regulating and supervisory equipment. We have one of 
the most complete facilities in the industry for designing 
and producing the aerospace power equipment you need 
for whatever purpose you need it. 

Would you like to have more information? Write us 
in Eatontown, New Jersey. 




Red Bank Division 



FLIGHT CONTROL IS FOR PEOPLE WHO KNOW HOW 


The people who know how are Systron-Donner's flight systems spe- 
cialists, pioneers of the 0.1% force balance accelerometer and the 
use of airborne analog computing techniques. Their flight-proven 
achievements include instrumentation and controls for: 

Saturn. Surveyor. Polaris, Mercury. Atlas, Apollo, Minuteman, 
Pershing, Scout — and, 

Most recently, 

The AUTOMET" guidance system for Project Lance (Missile B). 
Systron-Donner's ability to provide practical solutions for problems 
encompassing flight control of missiles, satellites and aircraft is 
based upon dual competence in both analog and digital techniques. 
This capability has produced an exceptionally wide range of systems 
interlocking time, acceleration, jerk, velocity, and displacement. 
What's more, you will be surprised how quickly Systron-Donner can 
supply the answers and hardware for your problem. Solutions are 
often provided in a matter of days... sometimes within hours. 

If these capabilities and accomplishments interest you, please write 
for our Flight Systems File. If you're in a hurry, call collect. Chances 
are we can be in your plant within 12 hours. 


-Ijybtron -.Bonner 


SYSTRON Systems 


CONCORD, CALIFORNIA 
tomputeis GREENLEAF Gyros ELECTROMAGNETICS Hi 
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ASSIGNMENT: 


Start with the free world's most powerful ICBM— Titan I. 
Then . . . 

Increase the payload without reducing the range. 

Give it a reaction time of less than one minute. 

Give it indefinite hold and salvo-firing capability. 
Simplify it and reduce the cost significantly. 

Engineer it to boost Gemini and other space vehicles. 
Build in growth potential. 

Make it operational with the Air Force in 1963. 

SOLUTION: TITAN II 


At Martin, systems management means the best possible product 
in the shortest possible time at the lowest possible cost. 


/w>i#7r/wss© 



Here it is: a 1.5 Me per track, multi-track re- 
corder! And Ampex is the first to have it. It's 
called the FR-1400. It will give you the broad- 
est bandwidth yet in longitudinal recording. 
What's more, it utilizes solid state electronics 
throughout— all in one rack, It has four speeds, 
each electrically switchable with no adjust- 
ments needed. And it comes with tape search 
and shuttle to provide quick data location and 
permit any portion of the tape to run repeatedly 
without operator attention. What about per- 



formance? Outstanding! It offers better rise 
time and minimum ringing on square waves, 
low intermodulation distortion, and improved 
flutter. Ampex also brings you a new 1.5 Me 
tape. In both you’ll find the same engineering 
precision, the same superior quality, that has 
made Ampex first in the field of magnetic re- 
cording. Write the only company providing re- 
corders and tape for every application : Ampex 
Corp., 934 Charter St, Redwood City, I Aupcv | 
Calif. Worldwide sales and service. - I- -- — I 










There seems to be no end to the versatility of the C-130 
Hercules airlifter. Now the giant propjet transport is a 
weatherbird, too. 

High-altitude weather reporting is rapidly assuming a 
new strategic significance. Last-minute reports of the 
weather along the route of an airborne task force or of the 
cloud cover above the target of an amphibious assault can 
add immeasurably to the nation’s ability to contain brush- 
fire wars on a world-wide basis. To meet this need, the Air 


Weather Service of Military Air Transport Service is now 
operating five WC-130s — the new weatherbird version. 

All in all, there are 500 C-130 Hercules in sixteen dif- 
ferent versions operating throughout the free world. Most 
of them are in service with the United States Air Force. 
Others fly for the U. S. Navy, Marine Corps, and Coast 
Guard. Still more are in service with the air forces of 
Australia. Canada, and Indonesia. In addition to military 
airlift missions, the Hercules is a bird of peace that brings 


food and medicine to hungry and homeless people all over 
the world when disaster strikes. Ski-equipped C-130s sup- 
port the scientists in Operation Deep Freeze at the South 
Pole. The list goes on and on and so does the C-130 produc- 
tion line at Lockheed-Georgia. Production will continue 
simultaneously with the new turbo-fan C-141 StarLifter 
for years to come at the Giant Marietta airlift manufac- 

C-130 Hercules 



LOCKHEED-GEORGIA COMPANY • Marietta, Georgia, A division of Lockheed Aircraft Corporation 



TODAY’S PILOTS 

SEE FROM TAKEOFF TO TOOCHDOWN 
WITH HUGHES | TONOTRON TUBES 

f 



Fighter-bomber pilots rely on Hughes Tonotron* 
direct-view storage tubes to get them to the target 

ously for pilot use by AUTONETICS' R-14 NASARR 
monopulse radar system. 

Cockpit presentation of radar data is made on the 
Hughes family of H-1010 Tonotron tubes in an easy- 
to-read, visual display. 

Hughes Tonotron tubes prove ideal for optimum, 
high-resolution display of radar information. These 
rugged and reliable storage tubes have a built-in 
brightness which makes reading easy even under 
difficult light conditions. And their controllable per- 


sistence permits storage of half-lone displays for ex- 

Product of over 10 years' experience in storage tube 
design and development, today's Hughes Tonotron 
tubes are a result of the complete integration of 
capabilities from research through manufacturing 
—our guarantee of your satisfaction. 

Need help on your display problems? Call, wire or 
write today: HUGHES STORAGE TUBES, 2020 Short 
St.. Oceanside, Calif., Area 714, SAratoga 2-2101. 
For export information, write: Hughes International, 
Culver City, California. 




Someday soon . . . Scott will put the LIFE GUAM! on the moon 


When the Project Apollo three man spacecraft is 
launched for the U.S. flight to the moon, the success 
of the mission will depend on Scott developed regu- 
lators. Compact, lightweight and miniaturized, these 
pneumatic controlling devices regulate the pressure 
and flow of oxygen and hydrogen to the fuel cells with 
exacting precision. Results — vital electricity con- 
verted from chemical energy to power the commu- 
nications and electronics systems. 


Scott, already at work on this important NASA 
contract, looks even farther ahead... planning for the 
day when Scott life support and environmental con- 
trol systems will help man survive extended visits to 
other space frontiers. Scott oxygen systems are today 
guarding lives on the most advanced military and 
civilian jet aircraft. Tomorrow’s goal ... to put Scott 
“Lifeguard” products on the moon and in the space 
vehicles that will carry man there, and beyond. 



SCOTT AVIATION CORPORATION 

DEPT. B-33, LANCASTER, NEW YORK 
Export: Southern Oxygen Company. 3 West 57th street. New York 19, New York 






Lunar landing gear. . . from the people at Bendix 


Landing struts for lunar excursion craft and landing skids for manned re-entry vehicles. □ Other people 
at Bendix are working on engine control systems, landing gear, rocket equipment, high temperature 
composite materials and nuclear mechanisms. An Aerospace team of skilled and experienced people 
. . . skilled in all phases of program management, backed up by complete engineering and production 
facilities, give Bendix the capabilities to undertake many varied Aerospace programs. □ To find out what 
this Bendix team can do for you, write: General Sales Manager, South Bend 20, Indiana. 


Bendix Products Aerospace Division 






Other Beech Capabilities In Systems Management Include: 


Propulsion . 


Auxiliary Power. 




Manufacturing . 


Space Simulation . 


Beech works wonders with titanium to 
save weight . . . increase space payloads 

Largest titanium structure ever built, and Beech built it. 


The large tank in this picture is made entirely of 
titanium. Built by metal-working experts at Beech 
to hold 7,000 gallons of pressurized liquid hydrogen, 
the tank is eight feet in diameter and 24 feet long. 
This remarkable tank weighs only 460 pounds. 

This means more payload. 

Fabricating titanium is an old story at Beech. 
And if it’s something that’s never been done before, 
that’s not unusual. In this case the upper and lower 
hemispherical tank heads were chemically milled in 
a complex pattern to extremely close tolerances. 


Production welding of .012" titanium is S.O.P. at 
Beech. Much of the equipment used by the Aero- 
space Division is one-of-a-kind and must be designed 
and built under the most rigid controls. Other jobs 
make use of Beech’s extensive metal bonding capa- 
bilities. 

Sophisticated fabrication is one of the many ele- 
ments that make up the comprehensive Beech capa- 
bility. It’s one reason Beech is well prepared to 
undertake complete systems management responsi- 
bilities for a wide range of space-age projects. p* 


Facilities . . . 


Complex Vibration . . . 


Management . . . 


How may we help you? To discover how the 
proven capabilities of the Beech organization can be 
quickly and efficiently put to work on your project, 
write, wire or phone Contract Administrator, Aero- 


space Division, Beech Aircraft Corporation, Wichita 
1, Kansas. Beech stands ready and eager to accept 
complete systems management responsibility for your 
project right now. 


>eedl 1 ^4&MSpGce!^flcViSSteiie 


CORPORATION • WICHITA 1. KANSAS 



HELPING BUSINESS GROW FASTER: Only Beechcraft offers such a com- E *« 
plete line of planes with so much speed, range, comfort and quiet to help 
business multiply the money-making decisions that each top man can desii 
make. That's how thousands of Beechcrafts have paid for themselves. Beet 


i today far: □ "Dollors . 
' □ Beech Financing 

rafts. Address Public Re. 



CRYOGENIC 

NON- 

INSULATED 
GH 2 LINES 
...ALUMINUM 


OK! 


ARROWHEAD 
COMPONENTS A-OK 

NASA SATURN 
PROGRAM! 


Reliability assured by complete in-plant facilities for design • engineering • 
testing • manufacturing • cleaning 


Arrowhead capabilities in research, engineering and manufacturing are avail- 
able for the solution of a variety of spgce-age problems in the areas of metal, 
rubber, and plastic fabrication, thermal insulation and human factors. 



LRROWHEAD PRODUCTS 

Division of Federal-Mogul-Bower Bearings, Inc. 

LOS ALAMITOS, CALIFORNIA 


of a data- 


|PMafe reports on;| 

how to look around in the tunnel . . . the disarmingly simple nature 
reduction bottleneck ... a big one with a low threshold 


Cosmic Film from France 



The cobblestones seen in this electron 
micrograph are grains of silver halide 
sticking up out of a gelatin matrix. Very 
smart for extra-terrestrial use. Bear in 
mind the photographic conditions out 

During the earthbound childhood of 
our race, we have been saying "ultra- 
violet” for radiation shorter in wave- 
length than what our particular natural- 
born sensing device happens to be tuned 
to. When at last we venture out from 
under the air blanket and note the am- 
bience of the universe, we see what a 
special case is the life we have led. The 
color of the cosmos is not confined to 
an octave centered about the dominant 
hue of green cheese. 

Even as we sing out in exultation, 
however, we must remind ourselves that 
all matter is opaque below about 2000A 
and that the tunnel is long and dark all 
the way to x-rayland; for everything 
animal, vegetable, mineral, or gaseous 
is prone to electron transitions. 

The light in your eyes, of course, goes 
out at around 3800A, but any silver 
halide photographic material will get 
you down to 2500A. The next 500A is 
sticky: you spread a fluorescent oil over 
the emulsion to convert the energy to a 
wavelength longenough to penetrate the 
gelatin. Below 2000A this stratagem 
poops out because even the oil robs you. 
At this point many years ago a spectros- 
copist named Victor Schumann had the 
bright idea of eroding gelatin away with 
H2SO4 to uncover the halide crystals. 
This worked fine. Schumann plates also 
proved useful for registering the focused 
ions in Aston's early mass spectrographs. 

About 15 years ago we improved on 


Schumann plates by a technique that 
left only enough gelatin to keep the 
grains apart, as seen at left. We call the 
product Kodak SWR Plates and still 
recommend it unless you need high sen- 
sitivity so desperately that neither gran- 
ularity nor price can stand in your way. 
In that event we can arrange to import 
for you some 180mm x 35mm strips of 
film from Kodak-Pathe. Our clever 
French cousins have developed a very 
tricky centrifugal coating technique that 
permits them to paste down much larger 
halide crystals than the SWR kind, re- 
sulting in le film TYPE SC5 ( environ 10 
fois la sensibilite dtt film S.iV.P. vers 

1200A). 

If S72 for 24 such strips is not out of scale 
with the magnitude of your thinking, get in 
touch on this mailer with Eastman Kodak 
Company, Special Sensitized Products Divi- 
sion, Rochester 4, N. Y. If you need nothing 
more special than a new free booklet entitled 
-Kodak Materials for Emission Spectrog- 
raphy," 


■ address 


Maybe they also serve, 
who only stand and wait 

In accepting our money to run this page, 
the publisher of this magazine told us 
he had an audience of persons who are 
charged with managing important scien- 
tific and technological enterprises. Fine, 
even if most of our messages may not 
require executive-suite decisions. Now 
we have one that might. 

It concerns a bottleneck at the data- 
reduction centers whence come the hard, 
raw facts for technical evaluation. Some 
gentlemen of management may not have 
thought very deeply about what has to 
happen between the great gush of data 
signals from a big do and availability of 
the data in permanent, optimally visible 
form for study by all the various special- 
ists who contribute to the big picture. 
One of the least interesting and most 
important things that has to happen is 
the processing of a vast amount of photo- 
recording paper. That's our product. 
We want only happiness to surround it 
at all times. 

The oscillogram-processing equipment 
has seemed inherently limited in speed 
by the physical properties of the record- 
ing medium. That being the case, we 
would find a new way to practice the 
old art of papermaking. We would de- 
vise new photographic emulsions for 
the new paper base, new processing 
chemistry for the new emulsions, and 
new automatic processors to apply the 
chemistry to the emulsions. All this has 


come to pass. Oscillograms are spewing 
forth dry and ready to read at 200 feet 
per minute. Just like a big-city news- 
paper press. The whole ball of wax bears 
the trademark “Ektaline''— the record- 
ing medium, the chemicals, the machine. 
Paper is now being processed ten times 
faster than was possible ever before. 
Quality of the record even meets our un- 
realistically high standards. 


If quite a few people under your manage- 
ment are standing around wailing for their 
data, and your investigation discloses that 



We can make laser rods big because 
we make them out of glass. A big piece 
of homogeneous glass is far more likely 
than a big homogeneous crystal. Homo- 
geneity and long experience in precision 
prism-polishing help keep beam diver- 
gence small. The problem with glass has 
been threshold. Fortunately, with non- 
silicate glass it’s no problem. Low, low, 
low. Inquiries about Kodak Neodym- 
ium Glass Laser Rods welcomed by 
Eastman Kodak Company, Apparatus 
and Optical Division, Rochester 4, N. Y. 
(Phone 716-562-6000, Ext. 5166). 


This is another advertisement where Eastman Kodak Company probes at random for mutual 
Interests and occasionally a little revenue from those whose work has something to do with science 


FLIGHT TRIALS 


WELL AHEAD 

479 hours by 3 Aircraft in the First Year 



Another first from Flexonics 



Flexible ducting length changes, but 
volume and pressure stay constant! 











encountering secret rules 



To win at Eleusis* is to discover an unknown pattern or "law," to guess the dealer's secret rule governing the permitted 
sequence of cards. To win requires the ability to form reasonable inductive hypotheses on minimal evidence and the willing- 
ness to abandon them in the face of contrary evidence. To win is to be flexible. In our more complex, large-scale conflicts, 
continual adjustments in strategy are necessary to keep pace with time and technology. New tactical requirements have made 
the flexibility, versatility, and adaptability of equipment and systems imperative. The engineers, mathematicians, and 
scientists we seek will be engaged in strategic planning for equipment and systems configured to the needs of tomorrow's actions. 
If you can combine computation with intuition, you are the kind of strategist we invite to apply. A r6sum6 to Mr. Harry A. Laur, 
6700 Eton Ave., Canoga Park, Calif., will receive prompt attention. Litton Systems, Inc., is an equal opportunity employer. 

m LITTON SYSTEMS, INC./ DATA SYSTEMS DIVISION a division or litton indusi-hik 



The little booklet on alloy steels 
that grew into a textbook 


BETHljEHEM 

STEEL 


BETHLEHEM STEEL 





HOW SMALL CAN YOU THINK? 

Integrated circuits... key to improved reliability 


Specification of design constraints imposed by integrated circuits, 
trade-off analyses for integrated electronic implementation, and electronic 
systems specification and optimization, microminiature transistor circuit 
design, special solid state and semiconductor device utilization, 
computer-aided circuit design, and subminiature packaging techniques, 
including thermal considerations or basic training in the solid state sciences. 
& We are particularly interested in programs from which your 
experience was obtained and the extent of your technical responsibility. 
Please address detailed information to our Manager of Engineering 
at the location of your choice for immediate and confidential attention. 


Military Electronics Division 


SCIENTISTS AND ENGINEERS: Today’s electronic systems for 
military and space programs demand smaller, lighter weight equipments 
with lower power consumption and the highest order of reliability. These needs 
have forced a marriage of the best features of advanced semiconductor and 
thin film integrated circuit techniques, and resulted in such functional 
electronic blocks as the tiny compatible circuit shown at left. 

This is but one example of how Motorola scientists and engineers 
are enhancing their leadership position in integrated electronics. 

To implement dynamic integrated circuit applications programs jointly 
funded with each of the three services, NASA and other government 
agencies, we can offer immediate opportunities to both systems 
and equipment design engineers experienced in the following areas: 



CONTROL SYSTEMS 

AIR VALVES 

ACTUATORS 

ENCLOSURES 




Temperature Controls 

Cycling — proportioning — floating; electronic . . . tran- 
sistor . . . polarized relay . . . and magnetic amplifier 
types. Also CEDAC, the original cooling effect detec- 
tion and control system. 

Positioning Controls 

Integrated, highly sensitive remote positioning systems 
designed to your specifications. Magnetic amplifier, 
electric, and electronic types. Anti-hunt feature pro- 
vided by unique circuitry. 


Air Valves 

Electrically and pneumatically operated for tem- 
perature and pressure-control applications. Butterfly 
. . . check . . . poppet . . . and automatic drain types. 
Metallurgically proved materials and precision ma- 
chining assure long, trouble-free operation. 



Transducers and Thermostats 


Units for sensing compartment, 
duct, and windshield temperatures. 
CEDAC detectors for sensing tem- 
perature and airflow. 



New hermetically sealed, high-temper- 
ature type . . . operate 1000 hr at 
1000'’ F. Can be used with devices 
operating at temperatures previously 
nonaccessible. 





Electromechanical Actuators 

Rotary and linear types featuring a wide range of gear 
reductions, switching, mounting details. The complete 
Barber-Colman line includes new lightweight, compact 
actuators for extra spacesaving, weightsaving advan- 
tages. Torque limit as well as travel limit versions. 


New POLYFORM metal enclosures solve unusual 
envelope problems. Precision formed in one piece to 
virtually any configuration ... to fit odd-shaped, 
limited areas in missiles, other air vehicles, and 
various types of complex electronic gear. Provides 
better electromagnetic shielding for less weight. 


For expert assistance on your projects, consult the Barber-Colman 
engineering sales office nearest you: Atlanta, Baltimore, Fort Worth, Los Angeles, 
Montreal, New York, Rockford, San Diego, and Seattle. 

Barber-Colman Company 

Aircraft and Missile Products Division, Dept. D, 1422 Rock Street, Rockford, Illinois 



Send for complete catalog to: 



This could be your calendar— any week 
in 1963. 

We believe Business Week's "Short- 
Notice Closing" is the fastest ad closing 
of any major national magazine. It gives 
you last-minute, same-week insertion for 
one or two pages of advertising in any 

Business Week is read by the most im- 
portant people in America for business 
advertisers — management men. With 
"Short-Notice Closing," you reach these 
important decision-makers fast, with up- 
to-the-minute information they need for 

Here are the details: 

Deadline for Reservations: Monday at 
4 p.m. Our Business Department in New 
York must have your reservation, at the 
latest, by 4 p.m. on Monday of week-of- 


issue. For quickest service, wire (TWX 
N.Y. 1-1636) or phone K. D. Reynolds, 
Production Manager, Business Week, 
LOngacre 4-3000 (Dial New York Area 
Code 212). 

Deadline for Plates: Tuesday at 1 p.m. 
To meet our "Short-Notice Closing,” 
your plates must be in the hands of our 
Production Manager, in our New York 
office (330 West 42nd Street, New York 
36, N.Y.), by 1 p.m. on Tuesday of week- 
of-issue, at the latest. (Sorry, no exten- 
sions possible.) 

Size of Units: Black-and-Whitc Page 
or Spread. Either one or two single black- 
and-white, non-bleed full pages, or one 
black-and-white two-page spread (gutter 
bleed only) per issue. Only complete 
plates can be accommodated. Correc- 


not possible on so tight a schedule. 

Price: A premium of 10% will be 
charged over and above regular adver- 
tising space rates for the “Short-Notice 
Closing" service. Agency commission 
applies to premium. 

To get fast decisions, there’s nothing 
like being in the right place at the right 
time. The right place is Business Week. 
Now the right time is any time— with 
Business Week's "Short-Nolice Closing.” 
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Scientific predictions indicate that so! 
a minimum between July, 1964 and 
been designated as the International T 
and during it a world-wide magnetic survey will take place, 
a The Douglas Space Physics and Planetary Sciences Group 
is studying scientific experiments to be performed on satel- 
lite and space probe missions during this period. Instruments 
to be used will be among the following: magnetometers; 
ionization chambers; G-M detectors; scintillators; solid state 
detectors; and spectrometers. □ The present Douglas Ant- 
arctica Riomctcr Station program for the study of cosmic 
rays will continue through this “Quiet Sun” period and 
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It s all a matter of degree! 


A matter of degree, yes — the degree of temperature, strength, ductility, corrosion 
resistance, and homogeneity. These are important factors when your applications 
are considered. 

Perhaps, you are ready to consider vacuum induction metals. Take a look at the 
SELECTOR TABLE which lists some of the alloys SPECIAL METALS produces. 
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When a new time code is introduced . . . 



this plug-in module 
is all you need 


to bring your 
Astrodata universal 
tape search system 
up to the minute 


sitivity (10 mv) assures highly reliable tape search. 


...to forestall system obsolescence 



Indicative of the MIL-type quality built into Astrodata 
timing equipment are the many extras carefully designed 
and incorporated into each system. The circuit cards, for 
example, are glass epoxy boards for maximum resistance 
to moisture and temperature; test points and indicator 
lights on the cards facilitate easy system checkout from 
the front without removing the cards. Included also are 
such construction refinements as strain-relief mounted 
components, tin immersion plated mounting eyelets, rho- 
dium-plated connector contacts, taper pin connector con- 
tacts, "worst-case” operating tolerances for all 


Astrodata Model 6222 Universal Automatic Tape Search 
System has been designed to prevent system obsolescence 
each time a new time code format is introduced. Circuitry 
common to all time code translating is built into the system 
—circuitry peculiar to each time code is built into individual 
plug-in modules. 

When working with IRIG, NASA, AMR and other formats 
already in existence, you merely insert the appropriate plug-in 
module to change from one code format to another. When a 
new time code format is introduced, it is necessary only to 
add a corresponding plug-in module. 

All solid-state construction, using exceptionally conservative 
design criteria, gives you maximum protection against down- 
time. More than 40 systems have been installed to date. All 
customers report excellent operation . . . names on request. 
Considerable savings accrue to users because of Astrodata’s 
years of experience in the design and manufacture of time 
code generation, translation, telemetry and tape search sys- 
tems combined with a modular approach that permits many 
engineering and production economies. 

Astrodata produces a complete line of timing instrumentation. 
Write today for your copy of the new tape search brochure, 
or contact your nearest Astrodata representative. 


A.STRODA.XA IWC. 

240 EAST PALAIS ROAD • ANAHEIM, CALIFORNIA • PHONE: (213) 772-1000 
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FORECAST 


Aerospace Sales, Earnings to Continue 


Aerospace industry will continue climbing a 
rising curve of sales and earnings during 1963. 
Sales will set a post-war record of more than SI 6 
billion for the year, an increase of more than $1 
billion over 1962. 

Here is the current aerospace market: 

• Space — $7.3 billion total earmarked for 
space technology, of which about $5.7 billion 
represents the Fiscal 1964 National Aeronautics 
and Spare Administration budget and SI. 6 bil- 
lion the military space budget. 

• Aircraft — $6.4 billion for procurement of 
military aircraft from the Fiscal 1964 Defense 
Dept, budget, plus an estimated $2 billion in 
commercial aircraft sales ranging from jet trans- 
ports to lightplanes. 

• Missiles — $4.1 billion for procurement of 
military missiles from the Fiscal 1964 Defense 
Dept, budget. 

• Research ami development — $4.1 billion 
for military research and development on air- 
craft, missiles and astronautics, including the 
bulk of the military space budget cited above. 

More of the prime contractors for the second 
generation of manned spare flight operations 
were picked during 1962 for such major subsys- 
tems as boosters, flight capsules, guidance and 
control systems and communications. Key to 
space business in 1963 will be finding a spot 
in the vast network of subcontractors and sup- 
pliers that is being formed both for the flight 
systems and the launch and control facilities 
that must be designed and built to support the 
Gemini and Apollo flight missions. In addition, 
this year will see the preliminary research and 
development for the third generation of manned 
space flight missions such as a multi-manned, 
permanently orbiting space station for both mili- 
tary and scientific purposes, establishment of 
lunar bases and deep space missions. 

The Fiscal 1964 space budget, both civil and 
military, will get its most critieal appraisal by 
Congress in the five-year history of the program, 
as the expenditures required soar over the $7 
billion mark and almost double over last year. 

Although aircraft production still accounts 
for the largest slice of the aerospace procure- 
ment pie, space technology is the technical 
spearhead accounting for the largest portion of 
the research and development market, with about 
S6 billion of the total NASA-military $7.3 billion 
earmarked for this area. Missile procurement 
is leveling off at a rate considerably lower than 
forecast several years ago, due to completion of 
the initial Atlas and Titan ICBM programs and 
concentration on the solid-fueled Polaris sub- 


marine-launched missile and the hardened silo- 
launched Minuteman. 

Biggest program in space technology is manned 
space flight, including the Gemini earth orbital 
rendezvous mission and the Apollo lunar land- 
ing project. These two programs account for 
S3.1 billion of the Fiscal 1964 NASA budget, 
and have increased from SI. 7 billion in Fiscal 

1963 and $677 million in Fiscal 1962. Unmanned 
space flight is the next largest item in the NASA 
shop window, with $754 million sought for Fiscal 

1964 compared with $547 million last year and 
$389 million in Fiscal 1962. Military space spend- 
ing will concentrate on Samos and Midas recon- 
naissance satellite systems, both of which require 
eonsiderable systems engineering before they 
become operational, the X-20 (Dyna-Soar) and 
Gemini manned space vehicles, a satellite 
inspector system and the Titan 3 booster. 

Military market will be dominated by the 
massive buy programed by the Navy and USAF 
for the McDonnell F-4B and F-4C, and by 
USAF for the Minuteman ICBM. The aircraft 
market continues to hold strong, with USAF and 
Navy scheduled to contract for $2.5 billion in 
combat aircraft out of the Fiscal 1964 budget, 
and an additional $600 million earmarked for 
military transports. Trainers, modifications 
aimed at modernizing aircraft already in the 
inventory and spares procurement account for 
the balance. Army will buy about $522 million 
in light aircraft and helicopters. 

New aircraft projects that will gain momentum 
in 1963 include the F-lll (TFX), for which 
General Dynamics Ft. Worth and Grumman 
are organizing subcontracting networks based 
on an anticipated 1.700-aircraft program; the 
counter-insurgency (COIN) aircraft and the fed- 
erally supported supersonic transport. 

ICBM procurement will account for about 
$2 billion, or about half of the total military 
missile market, with some $1.4 billion to be 
obligated for continuing Minuteman production 
and about $600 million earmarked to complete 
the currently planned Polaris program. 

Avionics market continues to become more 
competitive and increasingly sensitive to budge- 
tary fluctuations affecting many aerospace proj- 
ects. As the number of competing companies 
grew and volume production of major avionic 
systems declined, many avionics companies ex- 
panded in search of new markets to boost their 
sales, creating even more intense competition. 

Despite these ominous financial and business 
signs, the avionics industry is setting a fast pace 
for new technological developments and the 
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application of these improvements. Microcir- 
cuitry, with its great promise of increased system 
reliability, reduced costs and shrinking equip- 
ment size and weight, is starting to appear in 
newer prototype computers and other aerospace 
equipment. And with the heavy military commit- 
ment to this field, eventual air and spaceborne 
microcircuit equipment is a virtual certainty. 

Optical masers, bionics and self-adapting 
machines are all areas that promise ultimate 
technological advances that could alter the face 
of the industry. 

Early ventures into space are uncovering 
avionic problems as fast as the industry is solv- 
ing them. The still-unknown hazards of natural 
and man-made radiation arc posing vexing ques- 
tions for design of power systems, digital circuits 
and other key avionics equipment. The inability 
of infrared sensors to properly distinguish tar- 
gets from background has resulted in a rash of 
theoretical and experimental studies that are 
long overdue. Reliability of avionic components 
and circuits in spaceborne equipment still falls 
well below what will ultimately be necessary. 

Air transport industry will face continuing 
passenger traffic growth of about 10', in 1963, 
but will have problems in translating this 
steadily-rising gross revenue level into increased 
earnings pending outcome of major merger 
cases and fare trends. 

But airline earning prospects are somewhat 
brighter for 1963 with indications that an indus- 
try net of about $50 million is in prospect, in 
contrast to about $25 million earnings for 1962 
and a heavy loss in 1961. 

Civil Aeronautics Board decision in the Amer- 
ican-Eastern merger is expected by mid-year, and 
will shape the trend of the competitive picture. 
If it is approved, a scramble among the remaining 
domestic airlines to merge into new competitive 
patterns can be anticipated. Proposed Pan- 
American and Trans World merger appears to 
be sliding farther onto the shelf and probably 
won t affect the airline picture soon. 

Airlines generally are recovering from the 
worst effects of the jet overcapacity problem and 
are now facing the bottleneck of an obsolescent 
traffic control system as a major block toward 
increased business volume. Slow CAB reaction 
to the geography of changing U. S. economic 
patterns is another serious curb on airline efforts 
to develop new markets, some of which are being 
exploited by third-level carriers, less inhibited 
by CAB regulations. Helicopter carriers face 
increasing difficulties, caught as they are between 
the operational problems of turbine-powered 


equipment and the insistence of Congress on 
reducing their subsidies. Local service airlines 
face a tough situation in switching to modern 
equipment with their sensitive subsidy problem. 

Major trend toward a new fare structure 
should emerge from the confusion, expense and 
customer frustration caused by the complexities 
of airline tariffs. Experiments with single-class 
service promoted by United Air Lines and the 
troika rate sponsored by Continental and others 
should, for the first time, provide some solid 
operational data on which a badly-needed new 
and simplified fare structure can be based. Air- 
lines will again be facing major re-equipment 
problems with the short and medium-haul jet and 
the jet freighter. 

Business flying will continue its upward pace 
with a gain conservatively estimated at 10-12% 
over 1962’s $180 million volume, and total units 
delivered will exceed 7,000, compared with last 
year’s 6,697. Emphasis will continue to be on 
the more sophisticated, multi-engine business 
aircraft, and three new models are being intro- 
duced in 1963 to swell the number of twins on the 
market to 17. Biggest problem faring the in- 
dustry is not technology but solving the salesman 
and dealer shortage, which is holding sales far 
below potential volumes. Export sales, which 
now about equal the industry’s total sales only a 
decade ago, also will move steadily upward this 
year to register a better-than-10' , gain over 
1962’s $40 million. 

Although international and domestic politics 
have always been standard market data for the 
aerospace industry, it appears that these factors 
will assume more importance than ever in shap- 
ing the course of both commercial and military 
business during the next several years. The 
impact of the Kennedy Administration’s multi- 
lateral nuclear deterrent policy on NATO, its 
determination to try to confront the Soviet Union 
with a superiority of conventional military forces 
and its use of the growing space budget as an 
economic stimulant for certain areas of the 
country emphasize the influence of these factors 
to a degree never before experienced by the in- 
dustry, short of a major war. 

It is ironic that in the face of a post-war record 
business volume, the aerospace industry also 
faces trends toward heavy government encroach- 
ment into its management prerogatives and tech- 
nical capabilities, eroding its rewards for superior 
performance. Solving these government-industry 
relationship problems, rather than simple sales- 
manship or engineering prowess, is the toughest 
industry challenge in 1963. — Robert Hotz 
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Write today for your 
copy of the new 
36 page illustrated 
booklet entitled, 
— “Countdown 
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Just as your neighborhood baker gives 
you that extra so does B&P. Our 
extra is available to you in our capability 
and experience with lightweight 
and space age metals. May we have 
the opportunity to work with you? 


• DEFENSE DEPARTMENT 


DOD Shifts Stir Ire of Congress, Allies 


Washington— Defense Dept, policy makers are pushing ahead with their 
overhaul of defense strategic and procurement stnicturc but now are begin- 
ning to reap the inevitable repercussions from the powerful broom they are 
wielding. 

No sign exists that Defense Secretary Robert S. McNamara has lost the 
firm backing of President Kennedy. But the McNamara team policies have 


resulted in some outcries in Congress 

Reaction in the services has been 
mixed between welcome to changes and 
to demand for improved performance 
by the military on one hand, and on 
the other dismay at the bypassing of 
military advice. 

Negotiations with the North Atlantic 
Treaty Organization nations, for exam- 
ple, have been carried on largely by Mc- 
Namara; his deputy, Roswell Gilpatric; 
Paul Nitzc. assistant secretary- for inter- 
national affairs, and others of the civil- 
ian hierarchy. 

The Nassau meeting last December 
that resulted in the agreement to pro- 
vide Britain with Polaris submarine- 
launched ballistic missiles-without war- 
heads or navigation and fire control 
equipment— was a completely civilian 

Major examples of defense policy 
cause and effect: 

• Defense Dept, succeeded in overcom- 
ing differences in Air Force and Navy 
preferences to initiate development of a 
common, though not identical, tactical 
fighter in the TFX program. However, 
a Senate investigation seems certain to 
raise prickly questions on award of the 
contract to a General Dvnamics-Grum- 
man team over the other finalist, Boe- 

• Cancellation of Skybolt demonstrated 
McNamara’s intent to carry into prac- 
tice the results of DOD's cost effective- 
ness analyses despite the consequences, 
political or otherwise. Besides the eco- 
nomic impact on the West Coast, the 
cancellation stirred diplomatic complica- 
tions because of the intention of Brit- 
ain to use the air-launched ballistic 
missile to extend the life of the Royal 
Air Force V-bombcr force. 

• Defense policy on nuclear forces for 
allies of the U. S. erupted into contro- 
versy with France, which has decided 
on a go-it-alone nuclear capability. Can- 
cellation of the Skybolt reinforced the 
French decision that France could not 
rely on U.S.-supplied weapons and 
France rejected the Polaris offer that 
Britain took in lieu of Skybolt. 

• Confrontation of Russia led to suc- 
cess in forcing withdrawal of interme- 
diate and medium-range ballistic mis- 
siles from Cuba and produced a graphic 
demonstration of U.S. aerial photo- 
reconnaissance capability. But handling 
of the initial Cuban deployment pro- 
duced friction with the military over 


and in other nations. 


command prerogatives, and fumbling 
of public affairs aspects resulted in con- 
fusion and doubt over the achievement. 
• Refusal to spend extra funds voted by 
Congress for the North American RS-70 
Mach 3 bomber led to continued skir- 
mishing with Congress. 

Despite the occasional rumble of 
thunder, the McNamara team is going 
ahead with its reorganization and policy- 
changes as briskly as ever. 

These include increased empha- 
sis on conventional warfare capability 
which would include strengthening of 
Armv aviation; reorganization of the 
Navy’s procurement stnicturc; sponsor- 
ship of greatly increased use of incentive 
contracting into early stages of develop- 
ment, and further expansion of single 
manager agencies in procurement and 

McNamara's goal of reducing what 
he terms the proliferation of weapon 
systems has been amply demonstrated 
in practice. Besides the cancellation of 
Skybolt, which McNamara considered 
too expensive for what it would pro- 
duce, there have been only three new 
major aerospace weapon systems started 
into the development cycle since McNa- 
mara’s accession 26 months ago. These 
are the TFX, the mobile medium- 
range ballistic missile and the Titan 3 
space booster— with the Nike X anti- 
missile missile and a counter-insurgency 
aircraft as prospective near-term addi- 

Even in the case of the new systems, 
the pace has been extremely deliberate. 
MMRBM still is in the Phase 1 defi- 
nition process, and the results of the 
studies as well as the political situation 
in the NATO countries where the 
weapon would be deployed may influ- 
ence its future. Titan 3. which com- 
pleted Phase 1 early last spring, still has 
not reached the formal Phase 2 contract 
stage for all components, though the 
process is expected to be completed 

Much of the rationale behind the 
McNamara policies is economic, both 
in domestic and international arenas. 
Among the consequences of this has 
been a strong emphasis on improved 
management by tne military, and by 
industry as well. 

The only guideline given to the serv- 
ices for Fiscal 1964 budgeting was that 
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• DEFENSE DEPARTMENT 


they should submit requests for funds 
which would enable them to meet their 
force goals. "I was particularly anxious 
that nothing should be done to dis- 
courage the military departments from 
submitting any program change they 
felt was necessary for defense of the 
nation," McNamara told the House 
Armed Services Committee. 

Budgets the services submitted would 
have added about S40 billion to the 
program projections between 1964 and 
1967, a result McNamara said was ex- 
pected because of the lack of ceilings. 

For Fiscal 1964 alone, budget re- 
quests amounted to S67 billion, but as a 
result of hundreds of analyses and de- 
cisions the amount was pared to the 
final S 9 5.7 billion figure. This budget 
figure, higher than that of the previous 
year, seems a paradox, what with can- 
cellations and delay in starting new 
systems, but the explanation is that it 
represents a realism missing in previous 
defense budgets. 

The process of putting a defense 
budget together was modified to a 
minor extent during preparation of the 
Fiscal 1964 requests. McNamara and 
his Assistant Secretary (Comptroller), 
Charles J. Hitch, Jr., had instituted the 
program package approach to defense 
budgeting in preparing the Fiscal 1965 
budget. Instead of functional budgets 
service by service, the requirements 
were put together by types of forces: 
Strategic Retaliatory Forces, Conti- 
nental Air and Missile Defense Forces, 
General Purpose Forces, Airlift/Sealift 
Forces, Reserve and Guard Forces, Re- 
search and Development, General Sup- 
port, Civil Defense and Military As- 
sistance. 

Part of the process of budgeting for 


these principal categories is planning 
what is needed in each force clement 
for five or more years ahead. The origi- 
nal goal of McNamara and Hitch was to 
have continuous programing, so that 
when budget time approached each 
autumn little adjustment would have to 
be made. 

However, the continuous program 
change procedures went into effect only 
last July 1 . As a result McNamara had 
to revert to the system which he had 
used for Fiscal 1965, which required 
him to review personally hundreds of 
changes in a short time and make de- 
cisions. 

McNamara has begun a five-year cost 
reduction program. Five-year projec- 
tions make it seem that expenditures 
can be substantially reduced, but as 
time goes on requirements for new sys- 
tems keep the spending high. Mc- 
Namara describes this as the "bow 
wave" effect and calls it unavoidable. 

But as far as procurement practices 
are concerned, he feels savings are possi- 
ble here, and his five-year formal pro- 
gram has as its objective the improve- 
ment of management practices. Goals 
have been set for the military depart- 
ments and defense agencies. 

The program falls into three general 
categories: 

• Coordinating buying with need. Re- 
finement of the way weapons and sup- 
ply requirements arc established is under 
way. For instance, one big area of 
dispute in the past has been how much 
extra is needed in inventory to allow 
for pipeline lead time between manu- 
facturer and user— how many spares arc 
needed. 

There are about four million items in 
the supply lines now and there is a 


tendency for each echelon of com- 
mand to add to the safety margin to 
take care of D-day needs. Inventory 
controls will be tightened. Excess in- 
ventories will be used at an increased 
rate. Excessive system sophistication— 
"goldplating”— will be fought. 

• Buying at the lowest sound price. 
Emphasis is being placed on competitive 
buying. For standard production items 
this is relatively easy, but for complex 
weapon systems new methods are being 
tried. For one, high value and high 
usage items are being separated from 
contracts and opened to bidding in- 
stead of buying them from the prime 
contractor. Fixed price and incentive 
contracts will be substituted wherever 
possible for cost-plus-fixed-fee contracts. 

• Reducing 0 |>erating costs. A contin- 
uous review of bases and property is 
being conducted. So far, McNamara 
has announced plans to close or reduce 
515 activities, of which 71 are located 
overseas and 242 in the U. S. About 

246.000 acres will be released for non- 
defense use. Procedures for procure- 
ment and paperwork will be simplified. 

At present the Defense Supply 
Agcncv is installing a new svstem known 
as MILSTRIP (Military Standard 
Requisitioning and Issue Procedures). 
DSA Expansion 

The Defense Supply Agency (DSA) 
has expanded rapidly since its forma- 
tion. By June 50 it will employ about 

25.000 persons. The headquarters will 
soon occupy two large warehouse build- 
ings at the Army’s nearby Cameron 
Station supply center at Alexandria. 
Va., and cataloguing facilities will be 
located at Battle Creek, Mich. 

During the current fiscal year the 
supply agency will manage an inventory 
averaging S2.6 billion in value. It will 
make sales to the sendees of about 

55.1 billion while at the same time 
buying S2.9 billion in new supplies. 

Bv July 1. the agency will manage all 
assigned commodities and services ex- 
cept electronics materiel. Electronics 
management will follow in Fiscal 1964. 

Historically, supply systems have 
tended to bo» down under inadequate 
and slow information systems. The 
Defense Supply Agency is in the proc- 
ess of automating all phases of supply 
acquisition and distribution in an effort 
to overcome this obstacle. 

Standardization of distribution is 
only in its early stages. Each of the 
services had its own methods of pro- 
viding logistics to its own activities 
until last year. The Army, for instance, 
had a number of technical services, 
each with its own method of buying 
and distributing. The Navy separated 
its supply system into two parts, one 
serving the whole Navy with general 
supplies and the surface Navy with 
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specialized supplies and the other serv- 
ing the aviation and missile forces. The 
Air Force has depended on the Army 
for many of its supplies of a general 

The development of a general de- 
fense catalog as part of the federal 
catalog system which began in the mid- 
1950s laid the foundation for a de- 
fense-wide distribution system. That 
action gave common names and num- 
bers to all supplies. Now methods to 
handle the paperwork and actual han- 
dling will be standardized. 

Each of the other three single man- 
ager agencies of the Dept, of Defense 
has grown in strength and size in the 
past year. The Defense Intelligence 
Agency (D1A) has now actually con- 
solidated operations of all of the in- 
telligence and investigative activities of 
the three services. 

Defense Intelligence has established 
closer liaison with the other intelligence 
activities of the U.S.. especially the 
Central Intelligence Agency. Perhaps 
its greatest accomplishment, however, 
has been the elimination of three sepa- 
rate intelligence estimates based on in- 
dividual service analysis. 

Previous administrations had been 
confronted with intelligence estimates, 
based on the same sources of informa- 
tion, which differed widely in their 
conclusions. The Air Force, and in 
particular the Strategic Air Command, 
emphasized Russian bomber and mis- 
sile capabilities. The Navv stressed the 
capabilities of Russian submarines, 
while the Army did the same with the 
ground forces of the Communist bloc 
nations. 

Another major single manager agency 
—the Defense Communications Agency 
(DCA)— plans to cross connect all de- 
fense long line communications, both by 
landline and radio. All long line net- 
works in the continental U.S. have 
alrcadv been consolidated. Bv the end 
of 1965 all overseas lines will have been 
consolidated. 

The communications agency has a 
five-year plan to change all communi- 
cations to automatic switching. Equip- 
ment for this is being developed. In 
the case of leased facilities, the agency 
has taken from the individual services 
the responsibility for managing, leasing 
and paving for the facilities originating 
in the U. S. 

Closely related to consolidated com- 
munications is command and control. 
The Administration from President 
Kennedy down has ordered increased 
concentration on tying together the con- 
trol of all of the weapon systems of 
the U. S. To a degree greater than ever 
before the decisions to take specific 
military actions must originate at 
higher levels. This situation makes 
necessary rapid communications from 


DOD CANCELLATION of the Skybolt air 1 
on B-52 wing, stirred controversy with Britai 
the high levels to each military unit. 

McNamara has revealed the for- 
mation of a World Wide Mili- 
tary Command and Control System 
(WWMCCS), both on a national level 
and within the military' sendees. The 
National Military Command System 
(NMCS) is part of the world-wide sys- 
tem. This provides the means of fur- 
nishing the President and other officials 
with quick intelligence on what is hap- 
pening and the means to take action 
immediately. 

The National Military' Command 
System also provides for alternate com- 
mand post locations for the President 
and others in the national chain of 
command. This includes hardened 
buried sites, command ships and sub- 
marines, and airborne command posts. 

Of greatest immediate importance to 
the President is the control of the use 
of nuclear weapons. Because the nu- 
clear weapon control systems are only 
partially hardened, the Defense Dept, 
originated an airborne Post Attack Com- 
mand and Control System (PACCS). 
It is composed of KC-155 command 
post aircraft and B-47s equipped as 
communications relay aircraft. This sys- 
tem is almost in complete operation. 

Command and control, nuclear 
forces, and economics all were related 
in Defense Dept.’s international deal- 
ings last year. 

Of all of the U. S. commitments over- 
seas, the NATO alliance is considered 
the most important by McNamara. Be- 
cause of the growing strength of the 
NATO nations, the U. S. wants them 
to assume more of the costs of main- 
taining forces to counter a Communist 
bloc land attack. When it comes to 
nuclear forces, McNamara insists that 


the only way to gain a coordinated 
response is with an integrated force 
responsive to a single chain of command 
and attacking a single set of targets. 

If the NATO nations want to form 
a nuclear force, lie argues, they must do 
it multi-laterally, with each contribut- 
ing according to its ability— but only 
after meeting the requirements of the 
conventional forces. 

Tenor of this U.S. argument is that 
the U. S. has the economic resources to 
maintain nuclear forces large enough to 
form a really effective deterrent. Weak 
forces, operating on their own, Mc- 
Namara says, would be costly and of 
questionable effectiveness. To satisfy 
the nuclear ambitions of NATO coun- 
tries, the U.S. is offering to cooperate 
in building a multi-national nuclear 
force. 

Many of the ideas on how the NATO 
alliance should operate, as stated by 
McNamara and other officials, are be- 
ing influenced by the economy of the 
United States, especially in relation to 
the unfavorable balance of payments. 

^ To reduce the imbalance, the U. S. 

• Signed agreements with other coun- 
tries to have them assume a greater bur- 
den of defense costs. West Germany 
has agreed to increase its military' pro- 
curement in the U.S. and pay for use 
of U.S. supplies, depots and mainte- 
nance and support. A partial support 
agreement has also been made with 
Italy. Others are being sought, but 
little hope is held of obtaining any help 
from the French. 

• Shifted procurement in the U. S. of 
goods formerly purchased overseas. 

• Limited use of military' assistance 
funds for offshore procurement. 
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USAF Wages Space, Weapon Fund Battles 


Washington— Air Force is fighting a funding battle on two fronts— still 
seeking an expanded and clearly defined space mission, and at the same time, 
trying to cope with opposition to weapons programs related to its non-space 

Beginning with Dr. Herbert York, director of Defense Research and Engi- 
neering under President Eisenhower, Defense Dept, has resisted Air Force 
efforts to expand its space mission, and this tendency has been followed by 
York’s successor. Dr. Harold Brown. Their contention is that Air Force pro- 
posals for offensive space systems represent more complicated ways to perform 
a task that can be done bv existing missile systems. 


In its latest bid for a specific role 
in space, the Air Force is citing an 
urgent need for manned anti-satellite 
systems. Lt. Gen. James Ferguson, 
USAF deputy chief of staff for research 
and development, outlined before a 
congressional committee a minimum 
Air Force space program, including 
manned flight requirements. The pro- 
gram covers both offensive and de- 
fensive (satellite inspector) systems. 

Ferguson told the committee that 
adequate U. S. space defense depends 
upon systems for detecting, intercept- 
ing and taking action against hostile 
satellites. 

USAF Fiscal 1964 budget requests 
contain little mention of a space pro- 
gram. The satellite inspector program 
For determining the function of ob- 
jects in space is cited. It is also stated 
that one third of USAF's S330-million 
request for exploratory efforts will be 
devoted to space or space-related ac- 
tivities. These funds will cover studies, 
experiments and component develop- 
ment for guidance, flight control, pro- 
pulsion, life sciences, surveillance and 
electronics. 

Defense Secretary Robert S. McNa- 


mara has said that SI. 67 billion is going 
into military space projects this year. 
There are indications, however, that 
the figure is much higher than this, with 
funds coming from a variety of "cover” 
sources, such as the Advanced Research 
Projects Agency and other research ac- 

One space-related project which is 
nearing the development stage is the 
Titan 3 space booster. This multipur- 
pose vehicle was first envisioned to in- 
ject the Dvna-Soar boost-glide vehicle 
into a low orbit. Now it is being men- 
tioned for such projects as military com- 
munications satellites, Gemini-typc 
spacecraft and a manned orbital de- 
velopment station (MODS). 

There is some doubt that the Dyna- 
Soar project will be permitted to con- 
tinue by McNamara (AW Feb. 23, p. 
26) Air Force hoped that this pro- 
gram would be the first step in gaining 
experience for military missions in 

Another USAF concept, the Aero- 
space Plane, is progressing steadily 
through development of components. 
Aerospace Plane would be a single-stage- 


to-orbit vehicle using liquid oxygen and 
liquid hydrogen propulsion. In the at- 
mosphere it would have a hypersonic 
capability. Outside the atmosphere it 
would act like a spacecraft. One con- 
cept would have it gather its own oxy- 
gen supply for liquefaction and storage 
For later use in space. 

Air Force has also met cutbacks in 
other proposed weapon systems. Mc- 
Namara has declared that the prolifera- 
tion of weapon systems must be stopped. 
1 1c has also said, as recently as Feb. 2S, 
that estimates of weapon costs must be 
more realistic. Of more than a dozen 
systems he studied, the secretary said, 
most were at least 300% over original 
estimates of total program costs, and 
one was 1,000% higher. 

One of two major actions taken by 
McNamara was cancellation of the Sky- 
bolt air-launched ballistic missile, which 
not only dealt a blow to USAF hopes 
for continued use of Boeing B-52 bomb- 
ers into the 1970s, but also caused the 
British to change their plans for large 
manned bombers. Great Britain had 
been counting on Skvbolt for its V- 
bomber force. 

In addition. McNamara has im- 
pounded most of the additional funds 
voted by Congress for the North Amer- 
ican B-70 Mach 3 bomber, keeping the 
program within a SI. 3-billion limit, ex- 
cept for an additional S50 million re- 
cently released. 

The manned nuclear bomber force 
will be reduced by six Boeing B-47 
wings between Jan. 1 and July 1, 1963. 
This will be offset, according to Mc- 
Namara, by an increase in deployed bal- 
listic missiles, particularly solid-propel- 
lant Minuteman ICBMs. 

Tactical fighter forces, in line with 
the Kennedy Administration’s emphasis 
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on conventional war forces, will increase 
considerably. Delivery of the McDon- 
nell F-4C fighters will expand substan- 
tiallv before the end of the year. 

As a result, the Air Force pilot train- 
ing program will increase in Fiscal 
1964. At present it is below that of 
the Army for the first time. By Fiscal 
1965 about 2,500 USAF pilots will 
enter flight training per year. 

All USAF/General Dynamics Atlas 
intercontinental ballistic missiles, a 
total of 126 in 13 operational squad- 
rons. are in place. Martin Titan 1 
ICBMs are completely deployed, and 
all Titan 2 missiles will be in place 
by the end of 1963. Boeing Minute- 
man missiles will be entering their 
underground launch silos at an acceler- 
ated pace by the close of this year. 

Plans have been made to phase out 
Atlas D models because their unhard- 
ened, above-ground pads will be vul- 
nerable by 1965. McNamara has re- 
tained the option to phase them out 
more quickly or more slowly, however. 

Titan 1, fueled with liquid oxygen 
and fired after being raised from a 
hardened silo, is in six squadrons, each 
with nine missiles. Another nine 
squadrons of Titan 2 missiles, whose 
liquid fuels arc storable and which are 
fired from within silos, will make a 
total of 108 Titans on launchers. 

A total of 800 Minuteman missiles 
has been planned through Fiscal 
1963, all of which should be in place 
by the end of Fiscal 1965. There are 
30 of these missiles now in place. 
Three squadrons totaling 150 missiles 
arc planned to be operational by July 
1, 1963. Minuteman program would 
be increased by 1 50 missiles for a total 
of 950 under fund requests in the 
Fiscal 1964 budget. 

Work on improving the Minuteman 
is going ahead under high priorities. 
The missile has been unable to fly as far 
as its operational mission requires. This 
is being corrected by using lighter- 
weight materials for first and second 
stage casings, boosting the propulsive 
force of the propellants and increasing 
the amount of propellants. 

Air Force is engaged in exploratory 
and advanced development of future 
strategic missiles which will offer high 
destructive yield at lower cost. The 
mobile mid-range ballistic missile 
(MMRBM) is also the responsibility of 
the Air Force. 

Intensive study program phenomena 
surrounding re-entry of ballistic missile 
nose cones is under way. Although the 
work was initiated in the South At- 
lantic during early tests of ballistic mis- 
siles, it wasn’t until there was sufficient 
technology available to provide termi- 
nal guidance for the nose cones that 
greater funding was provided for the 
program. 

Systems have now been devised to 
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maneuver nose cones and eject decoys. 
Some means of command for the re- 
entry period is desirable if this is to be 

Other penetration aids arc also being 
studied. Means to transmit through the 
plasma sheath surrounding nose cones 
with radio or by other emanations arc 
being considered. This is the same phe- 
nomena which has caused communica- 
tions blackouts with the manned Mer- 
cury capsules during re-entry periods. 

McNamara is now facing congres- 
sional committees inquiring into the 
Fiscal 1964 defense budget requests. 
Questions about the future of manned 
nuclear bombers have been frequent, 
especially in the Senate. 

McNamara compared the vulnerabil- 
ity of B-52 bombers with that of Min- 
uteman and Polaris missiles. The B-52s, 
he said, are “soft"-bascd at about 60 
locations. Deployment of additional 
Polaris submarines, which offered con- 
cealment, and Minuteman ICBMs in 
hardened and dispersed sites has given 
the U. S. a balanced and protected 
force. This led to a decision to stop 
B-52 production. 

He brought the RS-70 strike-recon- 
naissance version of the B-70 into the 
argument. By the 1970s, he said, the 
skies over Russia will be untenable for 
manned bombers because of improved 
anti-aircraft defenses, including surface- 
to-air missiles and fighter aircraft. Mc- 
Namara did not counter Air Force 
arguments for the RS-70 as a post- 
strike reconnaissance aircraft to spot 
targets which have not been destroyed 

Air Force Aircraft on Order 


Air Force Active Aircraft 
Inventory 

1958 

22,578 

1959 

20,890 

1960 

18,712 

1961 

16,905 

1962 

16,591 

1963 (Estimated) 

15,567 

1964 (Planned) 

15,446 


and those whose location was not 
known. But at no point in his congres- 
sional testimony did he mention other 
means of gaining reconnaissance infor- 
mation. 

As for air-launched ballistic missiles, 
he said the RS-70 would provide only 
a very small increase in over-all effec- 
tiveness by carrying such weapons. It is 
not worth an additional outlay of S10 
billion for aircraft and missile develop- 
ment over the $1.35 billion already 
approved, he noted. 

McNamara explained the cancella- 
tion of the Skybolt missile by saying that 
it combines the disadvantages of the mis- 
sile with those of the manned bomber 
(AW Feb. 11. p. 67). The manned 
bomber is "soft” and concentrated on 
the ground and has a relatively slow 
time to the target or firing area. The 
missile would not have the bomber's 
usual heavy payload and accuracy, he 
said. “It would have the lowest ac- 
curacy, reliability and yield of any of 
our strategic missiles, without the rela- 
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five invulnerability and short time to 
target of a Minuteman or a Polaris," 
the secretary stated. 

Skybolt is tied inflexibly to its car- 
rier, the B-52, McNamara added, and 
thus must be committed to a target 
early in a war. Polaris missiles can be 
"locked in” and used by the President 
as needed, he said. Minuteman and 
Hound Dog can perform the task of 
target suppression, he explained. 

McNamara plans to phase all B-47 
aircraft out of service by 1965. Two 
wings of the supersonic General 
Dynamics B-58 jet bombers, about 95 
aircraft, will be kept in the force 
through at least 1968. Fourteen B-52 
wings, about 700 aircraft, will remain 
for the same period of time. He offered 
no manned aircraft successor. 

Role of the tactical, conventional 
weapon-carrying aircraft in the Air 
Force is increasing. It was not by choice 
of the Air Force, however, that this 
trend began. Under the Eisenhower 
Administration, tactical aircraft in the 
inventory, such as the F-84, F-100 and 
F-105, were configured for delivery of 
small nuclear weapons and little else. 

When the Kennedy Administration 
began to emphasize the need for 
strengthening conventional war forces, 
the Air Force was instructed to buy the 
F-4C twin-engine aircraft developed by 
the Navy. 

Now the Air Force will buy more of 
this type of aircraft than the Navv and 
Marine Corps. Tire Tactical Air Com- 
mand will remain at a 21 -wing strength 
level, but its North American F-lOOs 
will be phased out sooner than originally 
planned. 

Since the Republic F-105s will re- 
main in the force they are undergoing 
a major modification program to carry 
and deliver conventional weapons. Their 
guidance systems must be changed, wir- 
ing replaced and means of carrying 
bombs, rockets and napalm tanks in- 
stalled. 

Procurement of the F-4C will last 
until the new F-111A (TFX) variable 
geometry-wing tactical fighter is devel- 
oped and produced. The F-111A was 
subject to a long period of dissension as 
to whether it could serve the needs of 
both the Air Force and Navy. The pro- 
gram then was opened to industry pro- 
posals. When six proposals were re- 
ceived a decision was reached to choose 
two finalists instead of a winner. These 
finalists. General Dvnamics-Grumman 
and Boeing, conducted prolonged defi- 
nition studies, receiving payment for 
their effort. General Dynamics-Grum- 
man was selected 16 months after the 
requests for proposals had been issued. 

Reconnaissance for tactical forces 
will become a function of the recon- 
naissance version of the F-4C, the 
RF-4C. It will replace the RB-66 and 
the RF-101. To increase the immediate 
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needs of the regular tactical forces for 
this mission, the Air Force will transfer 
some Air National Guard and USAF 
Reserve RF-84s to TAC. 

Air Force will purchase a number of 
tactical weapons in line with its in- 
creased emphasis on tactical warfare. 
Falcon air-to-air missiles, with both con- 
ventional and nuclear warheads, will 
continue to be added to the inventory. 
Also, the Air Force will buy some Spar- 
row 3 air-to-air missiles. Another weapon 
in the air-to-air category will be the 
infrared seeking Sidewinder. 

Standard air-to-surface missile will be 
the Bullpup sight-guided system. Some 
conventional armament will be pur- 
chased, particularly smaller bombs 
of several types. Tliese purchases were 
temporarily jeopardized last fall when 
McNamara decided not to allow such 
purchases by the Air Force, Navy and 
Marine Corps. He later changed the 
ruling after receiving strong protests 
from the services. 

Portable control centers will be pur- 
chased for USAF field use to control 


operations of the newer fighters whose 
fire control and other combat systems 
are more sophisticated. 

Air defense strength of the Air 
Force will decline in size over the next 
few years. McNamara foresees a re- 
duced Soviet bomber threat. No new 
procurement of fighter aircraft is plan- 
ned to add to the present inventory of 
F-101, F-102 and F-106 aircraft. In a 
time of emergency these could be 
augmented with about 500 Air Na- 
tional Guard aircraft and Navy and 
Marine Corps airplanes temporarily 
based in the continental U. S. Canada 
also furnishes fighter interceptors. 

Bomarc surface-to-air missile will re- 
main in the force for several years be- 
cause the development cost is already 
written off. The Bomarc is a winged 
missile launched with a solid-propellant 
booster and then powered in flight by 
a ramjet engine. 

North American air defense is 
augmented by the Army's Nike-Hercu- 
lcs surface-to-air solid-propellant mis- 
sile. 


North American Air Defense Com- 
mand (Norad), along with its Air 
Force element, the Air Defense Com- 
mand, has had its mission broadened to 
include warning against ballistic mis- 
sile attack. Two Ballistic Missile Early 
Warning System (BMEWS) stations 
are operated bv the Air Force at Clear, 
Alaska, and Thule, Greenland. A third 
station will become operational at 
Fylingdale, England, during the next 
fiscal year. 

Bomb alarm system which would re- 
veal if a nuclear explosion occurred at 
or near one of these sites is in opera- 

Norad is the focal point for the 
Space Detection and Tracking System 
(Spadats). This system has the task of 
detecting and tracking all objects in 
orbit around the earth. It is a combina- 
tion of the Navy’s Space Surveillance 
System, the Air Force's Spacctrack and 
optical sighting stations operated by a 
variety of agencies. Navy's Spasur has 
been the principal means of detecting 
new and unannounced objects so far. 



STOL-MODIFIED C-l 30B HERCULES is being tested as part of USAF’s growing emphasis on tactical, close-support operations in forward 
military areas. Transport has been modified to give the aircraft rough-field landing and takeoff capabilities. 
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Navy Faces Reorganization of Forces, 


Washington— Overhaul of the Navy’s procurement structure to place ap- 
plied research, development, production and logistics under one or two 
commands, in preparation for the last year, now is approaching actuality and 
needs only the approval of Secretary of Defense Robert McNamara to begin. 

A second fundamental reappraisal faces the Navy in its missions and force 
structure and studies are under way on nuclear power for large ships and on 
the cost effectiveness of large aircraft carriers and fleet air defense systems. 


Procurement in the Navv has been 
a split responsibility. General supplies 
have been the responsibility of the 
Bureau of Supplies and Accounts. Spe- 
cialized procurement— including weap- 
on systems— has come under the tech- 
nical bureaus such as the Bureau of 
Weapons, the Bureau of Ships and the 
Bureau of Yards and Docks. Each 
bureau manages its own applied re- 
search, development, production and 
logistic support. 

For the reorganization, the Navy is 
proposing alternate structures resem- 
bling either those of the Air Force or 
the Army. The Air Force has two com- 
mands, one for applied research, devel- 
opment and production, and another 
for logistics. The Anny has combined 
all of these functions into one com- 

In addition, the bilincal structure of 
the Navy will be abolished. The Navy 
has been organized as two pyramids, in 
effect, one stemming from the Secre- 
tary of the Navy, the other from the 
Chief of Naval Operations. All of the 
technical bureaus report directly to the 
secretary and the Chief of Naval Oper- 


ations has no cognizance over them. 
The Chief of Naval Operations has 
jurisdiction over the operational forces 
and the establishment of requirements. 
Only the Deputy Chief for Develop- 
ment cuts across lines to the secretary’s 
organization. 

In the new organization, a single 
pyramid would stem from the secretary 
to the Chief of Naval Operations, 
whose power would be considerably 
enhanced. 

At present the office of the Secretary 
of the Navy is a large organization, 
mostly staffed by civilians. This is the 
administrative machinery needed to 
run the bureaus and it is more than 
three times the size of the staffs of the 
Secretary of the Air Force and the Sec- 
retary of the Army. Under the new or- 
ganization plan, this office would be 
drastically reduced and the functions 
transferred to the new command or 
commands. 

Any reorganization of the operating 
forces is concerned with a longer time 
period, to 19S0 and beyond. Studies 
now going on to determine whether 


the forces of the Navy should remain 
essentially as they are or be radically 
changed were kicked off when Secre- 
tary McNamara informed the Navy 
that he was going to withhold the $210 
million appropriated by Congress for 
CVA-67. a conventionally powered air- 
craft carrier. 

Big carrier advocates within the 
Navy are seeking authorization for a 
carrier every other year. Because of cost, 
they decided to ask Congress for an oil 
fueled ship instead of a nuclear pow- 
ered one in Fiscal 1964. 

Vice Adm. Hyman Rickovcr, at 
whose insistence the nuclear powered 
submarine program was started, has 
objected to having the Navv buy any 
more conventionally powered large 
ships. 

He was overruled last year on the 
carrier power question but last fall 
he convinced McNamara that only nu- 
clear power would be logical for an 
aircraft carrier. McNamara ordered the 
Navy to study ways to use nuclear 
power at lower cost. 

As the study progressed, McNamara 
became more critical of the cost effec- 
tiveness of the large carriers and their 

The study was broadened to include 
all earner forces. 

Then McNamara questioned wheth- 
er it was worth the cost to protect 
the fleet from air attack, using both 
aircraft and long-range surface-to-air 
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CRUISER USS ALBANY successfully fires a Tartar and two Talos 


Procurement Structure 


missiles. He was especially critical of 
the Typhon missile system, which 
would require a highly sophisticated 
radar installed in a ship with minimum 
displacement of 8,000 tons. Thus the 
studies were further broadened. 

In his comprehensive statement 
early this year to the House Armed 
Services Committee, McNamara sug- 
gested that developments in vertical- 
takeoff-and-landing aircraft could alter 
ship requirements in the future. He 
also questioned whether it was worth 
defending the fleet from air attack at 
all. 

Some Navy officers believe that en- 
emy submarine capability in the 1970s 
will be so great that it will not be pos- 
sible to defend conventional ships from 
them. For this reason, they argue, sur- 
face vessels should be altered radically 
in design. Hydrofoil and air cushion 
vehicles have been mentioned, both for 
general use and as aircraft carriers. In- 
creased emphasis is urged on air surveil- 
lance of the sea. 

Largest Navy weapon system pro- 
gram continues to be the Polaris pro- 
gram. At present 41 missile launching 
submarines have been authorized and 
with the $695 million requested in 
Fiscal 1964, the program will be fully 
funded. Nine Polaris submarines were 
deployed last year and nine more will 

The first five submarines were 
equipped with the 1,200 naut. mi. Po- 


laris A1 missile. The sixth submarine, 
originally planned for fitting out with 
the Al, was modified to accommodate 
the A2, a 1,500 naut. mi. missile. The 
sixth through eighteenth submarines 
will be equipped with the A2. The 
nineteenth submarine, originally to take 
the A2, will have the 2,500 naut. mi. 
A3. 

Remainder of the submarines will be 
equipped to fire the A3 and eventually 
the earlier submarines will be retrofitted 
for this version. In the case of the first 
five, the tubes will have to be replaced. 
Alterations in all cases will be made 
when the submarines enter yards for 
major overhauls. 

The 41 Polaris submarines will re- 
quire six tender ships, six resupply ships 
and several floating drydocks and other 
support ships. Severalof the Lockheed 
C-l 30E aircraft being purchased by the 
Navy, principally for the Marine Corps, 
will be used to ferry Polaris crews to 
their Atlantic and Pacific home bases. 

Logistics facilities are being built at 
Bangor, Wash., for Pacific-based Polaris 
submarines. A training facility will be 
established at Pearl Harbor, Hawaii, and 
an overhaul facility at Puget Sound, 
Wash. A tender anchorage will be 
established at Guam, matching the an- 
chorage at Holy Loch, Scotland. 

The Navy also intends to deploy 
Polaris submarines in the Indian Ocean. 
The anchorage for submarines based 
there will probably be near Perth, on 


the northwest coast of Australia. This 
area of deployment will not be in use 
until 1965 or 1966, however. 

Life expectancy of aircraft carriers 
will have its greatest effect on the car- 
rier anti-submarine warfare forces. By 
1970, all of the Essex-type carriers now 
being used for ASW will be 25 years 
old or older. New ASW carriers are 
planned to displace 35,000 tons instead 
of the 40,000 tons of the Essex class. 
They would be slower and would cost 
less to operate. 

This is assuming that conventional 
carriers continue to be built for the 
ASW mission. McNamara has suggested 
that manned helicopters could be oper- 
ated from ships the size of destroyer 
escorts, and development of such ships 
would reduce the number of carriers 
needed. Radical changes in the char- 
acter of the ships needed also could be 
made with the development of new 
types of aircraft. 

Much of the Navy's effort in anti-sub- 
marine warfare research and develop- 


Navy Active Aircraft 
Inventory 


1958 10,553 

1959 9,649 

1960 8,863 

1961 8,793 

1962 9,176 

1963 (Estimated) 8,807 

1964 (Planned) 8,860 
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Fiat G91T 

ONE AIRCRAFT ONLY, THREE BASIC USES: TRAINING, OPERATIONAL TWO-SEATER, 
CLASS MACH 2 PILOTS TRAINER 

It is designed for the training of fighter pilots from the initial to the final stage and can per- 
form all the tactical ground support missions planned for the Fiat G91 LWT fighter from which 
it derives (configuration T/l and T/3). It can accommodate all the electronic equipment of the 
F 104G to adequately train pilots assigned to aircraft of this class. It is possible to shift from 
one mission to another easily and quickly as the aircraft is structurally pre-arranged for the 
installation of the equipment for the different configurations. 

F 104 G 

In the light of the European production plan, Fiat, as chief commissioner for Italy, manufac- 
ture under license the F 104G aircraft together with the G.E. J79 engine 


Fiat Aviazione Corso Giovanni Agnelli 200, Torino (Italia) 
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mcnt centers around detecting the 
deep running submarine operating at 
200-800 ft. at slow speed. A snorkeling 
Diesel powered submarine is relatively 
easy to detect with radar. It also makes 
a lot of noise and can be picked up by 
various types of sonar and sonobuoys. 
This type of submarine does not run at 
great depth and can be spotted by pas- 
sive and active sonar systems. 

A nuclear powered submarine running 
at high speed also makes a lot of noise. 
The noise comes mostly from pumping 
machinery on board which takes care of 
cooling the reactors, and not from pro- 
pellers. But when a nuclear powered 
submarine is running deep and slow, the 
detection problem is greatest. 

For some years the Navy has been 
seeking detection techniques other than 
sound. One of these systems, which the 
Navy calls exotic, involves infrared de- 
tection of the wakes of submarines. No 
matter how deep a submarine runs, it 
leaves a wake caused by its motion and 
the heat it generates, wakes differing in 
temperature from the surrounding water 
by half a degree to as high as a degree. 

Another system makes use of very 
long radio waves which exist naturally in 
the atmosphere and ionosphere. They 
are generated by lightning, which is esti- 
mated to occur about 30 times per sec- 
ond around the world. 

Other systems involve electrical, mag- 
netic and electromagnetic phenomena 
which are not yet fully understood. 
General programs on undersea research 
are titled Trident and Artemis. 

The Navy's only major venture in 
space, the Transit navigational satellite, 
is due to become operational in 1965. 
It will provide ships with the ability to 
determine their position within one 
tenth of a mile. The operational system 
will consist of four satellites in polar 
orbits, four ground tracking stations, a 
computing station, two injection sta- 
tions and shipboard decoding equip- 

Launches will be scheduled until 
there are four working satellites properly 
spaced in orbit. After achieving opera- 
tional status, standby launch provisions 
will be made to replace any satellites 
which fail or decay. 

The aircraft buy for the Navy and 
Marine Corps, the latter funded in the 
Navy budget, includes the McDonnell 
F-4B twin engine two seat fighter, the 
Grumman A-6A two seat twin-engine 
attack aircraft, the Vertol CH-46A me- 
dium assault helicopter, the Bell UH-1E 
light helicopter, the North American 
A-5C twin-engine two seat attack air- 
craft that will be purchased as an ad- 
vanced reconnaissance vehicle, the 
Grumman E-2A combat intercept air- 
craft, the Sikorsky S-2E and the Lock- 
heed P-3A long-range ASW aircraft. 

The Marines will receive the C-130E 
for troop transport. A training version 


of the Crumman Gulfstrcam transport, 
the TC-4B, is on the buy list. So is the 
C-2A carrier transport version of the 
E-2A. A jet trainer, the North Ameri- 
can T-2B, completes the list. 

In new aircraft, the Navv participa- 
tion in the F-lll (TFX) Competition 
for a variable geometry wing tactical 
fighter will result in purchase of 235 
General Dynamics/Grumman F-111B 

The Grumman A-6A involves a con- 
cept of low level economical cruise 
along with high load carrying ability. 
The entire system is built around low 
level operations in all weather. 

Key piece of equipment in the sys- 
tem is a display tube in front of the 
pilot which can act as a television tube, 
as a radar scope and, in instrument con- 
ditions, superimpose a moving grid sys- 
tem over radar images to simulate 
ground movement. A sophisticated cen- 
tral air data center and fire control cen- 
ter are tied together to provide the abil- 
ity to attack over all kinds of terrain 
and in any kind of weather. 


The A-6A will definitely be procured 
for the Marine Corps, but there has 
been no definite commitment for use 
by the Navy, although it was originally 
designed for carrier operation. 

The North American A-5C as a re- 
connaissance aircraft will be capable of 
feeding its data from a number of sen- 
sors, including cameras, back to control 
centers in addition to storing it on 
board for further analysis after return. 
The A-5C might become the standard 
medium reconnaissance aircraft for the 
Air Force, depending on its demon- 
strated performance. 

The Grumman E-2A will fill the need 
of controlling distant fighters on inter- 
cept missions. This it will do auto- 
matically, without voice transmissions. 

Navy will continue to procure the 
McDonnell F-4B and RF-4B fighter 
and reconnaissance versions of the 
twin-engine two-place aircraft that will 
become standard in the inventory of the 
Air Force as well. Navy will eventually 
replace the F-4Bs with the F-111A de- 
veloped in the TFX program. 
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Army Seeks Greater Mobility in Added 



By George C. Wilson 

Washington— Army is entering an era of emphasis on mobility in U. S. 
national defense that will place increased demand on the engineering and 
research skills of the U. S. aerospace industry. 

Kennedy Administration military strategy calls for an Army which can 
move fast and hit hard. This concept dictates wider use of both fixed-wing 
and rotary-wing aircraft as well as dependable nuclear weapons which arc 
easy to carry and fire. 


Gen. Earle G. Wheeler, Army chief 
of staff, sums up this philosophy by 
quoting Lt. Gen. Richard S. Ewell of 
Stonewall Jackson’s old Corps: "The 
road to glory is traveled with little bag- 
gage.” On befense Dept.'s assumption 
that the U. S. and Russia are approach- 
ing a nuclear stand-off, the Army takes 
on added importance as the spearhead 
for conflicts short of an all-out war. 
Defense Secretary Robert S. McNamara 
said that during the Cuban crisis “non- 
nuclear forces were our sword, our nu- 
clear forces were our shield." 

This hard-hitting and highly mobile 
Army the Administration is building 
was recommended by Gen. Maxwell D. 
Taylor who retired as Army chief of 
staff before President Kennedy took 
office. President Kennedy named Gen. 
Taylor as White House adviser and then 
as chairman of the Joint Chiefs of Staff. 
Gen. Taylor undoubtedly has been 
partly responsible for the Army's en- 
larged role in the U. S. military pro- 
gram. 

McNamara has told Congress that 
general purpose forces, which include 
most of the Army's combat and combat 
support units, “must be prepared to 


meet a wide variety of contingencies, 
ranging from counter-insurgency actions 
to large-scale wars, anywhere in the 
world. Accordingly, they must be pro- 
vided with a great variety of capabilities, 
weapons, equipment, supplies and 
training.” 

To support this philosophy, the De- 
fense Dept, is allocating a bigger share 
of the service dollar to the Army— at the 
expense of the Air Force. Total obliga- 
tional authority of the services in the 
Fiscal 1964 budget is Army 27%. Navy 
31%, Air Force 42%. This compares 
with allocations of Army 24%, Navv 
30%, and Air Force 46% in the Fiscal 
1961 budget, the last one prepared by 
the Eisenhower Administration without 
being reviewed by the Kennedy Admin- 
istration. 

This combination of a new blueprint 
for the Army plus the money to carry 
it out presents new challenges and op- 
portunities for the aerospace industry 
in several areas, including: 

• Aircraft. Army wants to integrate air- 
craft into its combat forces to provide 
more protection and mobility for 
troops. The idea is to make the use of 
aircraft as commonplace as the use of 
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Air Capability 

trucks. The demand is for aircraft that 
can operate from short, rough landing 
areas, and easy maintenance is another 
objective. Helicopters are especially at- 
tractive to today’s Army planners for 
clearing the way for troops and for 
landing them in forward areas. Fixed- 
wing aircraft have major roles to play in 
observation and troop transport. 

• Armament. Fiscal 1964 will hasten 
the development of armament for both 
helicopters and fixed-wing aircraft. Army 
first wants to build better firepower into 
its aircraft by using a combination of 
existing weapons. Next phase is to de- 
sign weapons from the start for use on 
helicopters and slow-speed, fixed-wing 
aircraft. Ultimately, the Army most 
likely will buy new airframes and weap- 
ons systems developed especially for 
limited war missions. 

• Tactical missiles. Simplicity, dependa- 
bility and power are the objectives. 
Army is looking to industry to develop 
a new generation of field weapons which 
do not require bulky electronics equip- 
ment or technical experts to fire. They 
must also be small enough to be easily 
transportable by fixed-wing aircraft and 
helicopters. 

• Anti-missile missile. Army's work on 
Nike Zeus virtually assures the sendee 
of a continued role in this development 
effort. Defense Dept, has broadened 
the research program in quest for an 
effective weapon against enemy missiles 
and will support a new relatively low 
altitude intercept system called Nike X. 

• Navigation equipment. Emphasis on 
Army aircraft puts stress as well on ad- 





BREGUET 941 STOL 


the most advanced design s 
proposed and developed to 
solve the problem of short 
take-off and landing. 
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vanccd navigation systems, especially for 
night missions. Army wants a simple 
but effective system to broaden the 
capabilities of assault helicopters and 
fixed-wing observation aircraft. 

• Mobile vehicles. Army's decision to 
concentrate on mobility brightens pros- 
pects for such advanced vehicles as 
ground effect machines, although 
CEMs for the moment have been all 
but eclipsed by helicopters. But the 
Army Transportation Research Com- 
mand feels GEMs have potential for 
taking large numbers of troops from 
ships and carrying them far inland over 
rough terrain. 

Aircraft Mix 

Army's Fiscal 1964 budget illustrates 
better than any statement to date just 
what type of aircraft mix the service is 
seeking. With the S522 million in new 
funds sought for Fiscal 1964— S33.8 
million of that for spare parts-thc 
Army will buy 1,600 aircraft. This 
procurement is a big step toward the 
goal of consolidating present Army air- 
craft into seven basic types: light ob- 
servation helicopters; combat surveil- 
lance fixed-wing aircraft: utihtv/tactical 
transport helicopter; heavy transport 
helicopter: light utility fixed-wing trans- 
port; heavier STOL fixed-wing trans- 
port; aerial crane. Details on these seven 

• Light observation helicopter. Army 
will buy Bell OH-13 Sioux and Hiller 
OI1-23D Raven helicopters. But these 
observation aircraft, along with the 
Cessna 0-1 A Bird Dog, will be replaced 
eventually by a standard light observa- 
tion helicopter now under development. 
Bell, Hiller and Hughes Aircraft are all 
competing in the LOH program. Army 
plans to use $1.2 million in research 
funds on the LOH this fiscal year and 
$100,000 in Fiscal 1964. One of the 
three helicopters being developed is 
scheduled to be selected for production 
but some industry sources predict a 
split program. The three companies are 
building five helicopters each and they 
will be tested by the Army this year. 
Contract award probably will follow 

• Combat surveillance. Army in Fiscal 
1964 will buy additional Grumman 
OV-1B Mohawks and plans to make the 
aircraft its standard one for combat 
surveillance for the next few years. 
Currently, the Army is testing three 
V/STOL concepts in research for an 
aircraft to follow the Mohawk, now in 
production. One is augmented thrust 
on the Lockheed XV-4A Humming- 
bird. A second is the fan-in-wing sys- 
tem in the General Electric-Ryan 
XV-5A. The third is vectored thrust in 
the British Hawker P.l 127. Anny fund- 
ing of $10 million on surveillance air- 
craft research and development is 
planned in Fiscal 1964, and selection of 


Army Aircraft R & D 



FRENCH ENTAC wife-guided anti-tank missile, above, is used by U.S. Army Army's 
Redeye surface-to-air weapon, below, is being developed by General Dynamics/Pomona. 



SOLID PROPELLANT PRODUCTION FACILITY-U.S. AIR FORCE PLANT #78: Lummus' architect/engineering design 
lor this propellant complex included auxiliary facilities lor MINUTEMAN horizontal engine testing, propellant handling 


LUNAR ENVIRONMENTAL RESEARCH FACILITY-U.S. 
ARMY CORPS OF ENGINEERS: Lummus performed the 
conceptual engineering lor this simulator which established 
the engineering feasibility to provide lor vacuums up to 
1x10'' torr, temperatures as low as -423"F, and solar 
radiation twice the intensity o I the noonday sun-up to 
130 walts/sq. It. 



WORLD'S LARGEST LIQUID HYDROGEN PRODUCTION FACILITY- 
U.S. AIR FORCE PLANT #74: Lummus designed, engineered, and con- 
duce 99+% pure hydrogen, which is then liquefied through cryogenic 
processes. 




Lummus serves the Aerospace Industry 


From technical feasibility studies to detail 
architect/engineering and construction 
services. The Lummus Company serves the 
aerospace industry with a high degree of 
professional competence. Lummus' vast 
experience in the architect/ engineering 
and construction of nearly 1,000 major in- 
strial and process plants for industry and 
jvernment throughout the world has 

LUMMUS COMPANY at 



created a staff knowledgeable in cryo- 
genics, metallurgy, liquid and solid propel- 
lants, nucleonics, chemicals, physics, radia- 
tion physics, high vacuum technology, and 
solar simulation. 


For creative engineering, skillful project 
management, and on-time construction— 
consult Lummus. 
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Army Aircraft on Order 


Aircraft Type 


Popular Name 

Manufacturer 

OV-18 combat sui 

veillance 

Mohawk 

Grumman 

CV-2B assault trar 

isport 


de Havilland 

UH-1 utility helicopter 

Iroquois 

Bell 

CH-47A transport helicopter 

Chinook 

Boeing-Vertol 

OH- 13 observatior 

i helicopter 

Sioux 

Bell 

OH-23D observatii 

an helicopter 

Raven 

Hiller 


Army Missiles on Order 


Missile 


Mission 

Manufacturer 

Mauler 


Surface-to-Air 

General Dynamics 

Hawk 



Raytheon 




Western Electric 



Surface-to-Surface 

Martin 

Honest John 


Surface-to-Surface 

Emerson Electric 

Little John 


Surface-to-Surface 

Emerson Electric 

Sergeant 


Surface-to-Surface 


SS-11 


Air-to-Surface 

Nord 

Entac (anti-tank) 


Surface-to-Surface 

Nord-l'Arsenal 




de Puteaux 




(DEFA) 


one type in Fiscal 1965 for prototype 
development would provide for service 
by Fiscal 1969. 

• Utility transport helicopter. Bell 
UU-1 Iroquois will be the Army's stand- 
ard utility-tactical transport helicopter 
for the next few years. Its primary mis- 
sion is to provide tactical mobility for 
troops and supplies and for battlefield 
medical evacuation, but Bell currently 
is testing a modified Iroquois in an 
Army development program for an 
armed, high speed attack helicopter. 
The Fiscal 1964 buy of the Bell Iro- 

to designate that helicopter as the re- 
placement for de Havilland U-6A Beaver 
and Sikorsky UII-19D Chickasaw. 

• I Ieavv transport helicopter. Armv will 
buy th'c Boeing-Vcrtol CII-47 A ' Chi- 
nook to transport troops, supplies and 
weapons. The Chinook is the only 
helicopter large enough to carry the 
Pershing missile inside. It can carry 55 
passengers or three tons of cargo. Army 
has picked the Chinook as the replace- 
ment for the Boeing-Vcrtol CH-21C 
Shawnee, Sikorsky CH-34A Choctaw 
and Sikorsky CI1-57A Mojave. But the 
Army plans to spend S5.5 million in 
Fiscal 1964 to evaluate the Chinook 
further to determine its role. There 
have been program slippages and cost 
overruns in the program. 

• Light fixed-wing transport. Army has 
chosen the Beech U-SF Seminole for 
this role, succeeding the Beech U-SD. 

• STOL transport. Army will buy ad- 
ditional de Havilland CV-2B Caribous 
in Fiscal 1964. Lt. Gen. Robert W, 
Colglazicr Jr., Army deputy chief of 
staff for logistics, described the Caribou- 
Chinook team as providing the Army 
with a versatile battlefield transport 
capability. The Caribou replaces the de 
Havilland U-1A Otter, The turboprop- 
powered Caribou 2 with a fuselage en- 
larged enough to carry the Pershing 
missile is expected to become available 
for the Army in Fiscal 1965. 

• Aerial crane. Army in Fiscal 1 964 
plans to spend $5. 5 million of its re- 
search funds on tests and development 
of a heavy lift helicopter. But the 
Sikorsky S-64 Sky Crane will seive as 
the testbed and may be adopted for the 
role for the next few years. The S-64 
can lift about 10 tons. Army by 1970 
hopes to have a crane with a payload of 
12-20 tons. 

Army leaders arc constantly seeking 
wavs to make missiles more mobile, an 
endeavor which will be a significant 
portion of the sendee’s research funds 
in the coming years. The Kennedy 
Administration’s announced military 
strategy assigns a major role to tactical 
nuclear missiles if a land war should 
start in Europe. McNamara made this 
point clear in presenting the Defense 
Dept. Fiscal 1964 budget to Congress: 


“Although we are still a long way 
from achieving the non-nuclear capa- 
bilities we hope to create in Europe, 
we are much better off in this regard 
than we were two years ago. Today 
the North Atlantic Treaty Organization 
forces can deal with a much greater 
range of Soviet actions, without resort- 
ing to the use of nuclear weapons. 
Certainly, they can deal with any 
major incursion or probe. But we must 
continue to do every thing in our power 
to persuade our allies to meet their 
NATO force goals so that we will pos- 
sess alternative capabilities for dealing 
with even larger Soviet attacks." 

For the immediate future, the Army 
will buy new missiles to fill gaps in its 
armament, but at the same time will 
try to standardize more of the support- 
ing equipment to gain mobility and 
simplicity. For example. Army for the 
first time will buy production models 
of the General Dynamics Mauler self- 
propelled air defense guided missile 
system in Fiscal 1964. 

“Mauler will fill a void in the Army 
family of air defense weapon systems,” 
Gen. Colglazicr said. "This void is 
particularly apparent considering the 
threat to the forward elements of the 
field Army from very low-flying high- 
speed tactical attack aircraft and the 
various forms of battlefield ballistic mis- 

As for the standardization effort for 
missile supporting equipment, Gen. 
Colglazicr cited the multi-system test 
equipment which will be used on sev- 
eral missiles — Mauler, Ling-Temco- 
Vought Lance (formerly Missile B) and 
the Aeronutronic Shillelagh. He said 
the test system will be able to perform 
about 85% of the tests required. 


All told, the Army is asking for 
S580.7 million in new funds to buy 
missiles in Fiscal 1964. That figure 
includes S22.5 million for missile spare 
parts. Besides Mauler, other missiles 
to be bought in Fiscal 1964 from the 
procurement budget include the Ray- 
theon Hawk and Western Electric 
Nike-Hereules air defense missiles. Ar- 
tillery missiles include the helicopter- 
transportable Martin Pershing, im- 
proved versions of the Emerson Electric 
Honest John and Little John rockets 
and the Sperry Sergeant. Also on order 
is the French Entac anti-tank missile. 

For missile research and develop- 
ment, Army is requesting S576-6 mil- 
lion in new funds for Fiscal 1964. 
"Our research and development objec- 
tive for surface-to-surface missiles is to 
provide a family of missiles designed 
to support all combat elements of the 
field Army,” Lt. Gen. Dwight E. 
Beach, Army chief of research and de- 
velopment, said recently. “Develop- 
ment of this family will provide com- 
manders a minimum number of missile 
systems to replace five systems now 
operational. The new systems will be 
less complex than their present counter- 

Gen. Beach said Lance development 
will be completed before 1970, and 
that it would replace the Honest John, 
the Martin Lacrosse and perhaps the 
Little John. Army, in Fiscal 1964, 
with about $14 million in research 
funds, will provide limited anti-tactical 
ballistic missile (ATBM) capabilities 
for Nike-Hercules and Hawk missiles. 
The General Dynamics Redeye shoul- 
der-fired anti-aircraft missile will be con- 
tinued in Fiscal 1964 though no new 
money was requested in the budget. 
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RED AIR FORCE BADGER is shown flying over a U. S. Navy task force in the North Pacific Ocean with a McDonnell F4A Phantom 2 
all-weather fighter from the attack carrier Kittv Hawk as an escort (bottom, center). Badgers based in Siberia flew over the Kitty Hawk 
while it was steaming off the Kurile Islands northwest of Japan in late January. Note wide varictv of radomes and antennas, mdicnting 
electronic ferret capability', and remotely controlled dorsal gun turret. Also photographed was a Badger with wing pylon mounted fuel tanks. 


Soviets Press Technical Modernization 


Soviet Union pressed hard during ' 
tion of its military forces at a fast p: 
bilitv, a wide variety of missiles, anti-su 
places in the Soviet military spectrum 

After trumpeting for five years over 
the "peaceful" nature of its space tech- 
nology program. USSR during 1962 in- 
creased the bellicose emphasis on its 
military potential in a series of speeches 
bv top-ranking Red Army marshals. 
This shift in the Soviet propaganda line 
on its space program occurred just after 
the successful double space flight and 
rendezvous exercise of Maj. Nikolaycv 
and Col. Popovich in Vostoks 9 and 4. 

During the recent months since the 
Cuban crisis, the Soviet marshals have 
been rattling orbital weapons in a 
crescendo of speeches, and now claim 
capability to launch rockets from orbit- 
ing satellites with precision. Next So- 
viet manned space flight is expected to 
produce even more evidence of the es- 


1965 to continue technical moderniza- 
cc. New developments in space capa- 
bmarinc warfare and aircraft took their 
during the year. 

sential military nature of its manned 
space flight program, which is headed 
by a Red Air Force lieutenant general 
and utilizes air force pilots exclusively 
as its cadre of cosmonauts. 
Considerable Progress 
Soviets showed considerable progress 
in their missile program across its entire 
operational spectrum, from deployment 
of air-to-air missiles to hardened iCBM 
sites and testing of an anti-ICBM sys- 
tem. The anti-ICBM defense system 
has been pitted against multiple incom- 
ing ICBM warheads in tests more ad- 
vanced than the Nike Zeus vs. Atlas 
contest conducted in the U. S. Pacific 
Missile Range. There are some indica- 


tions of initial deployment of this SA-4 
system around major target areas such 
as Moscow. At the other end of the 
scale, the Soviets supplemented their 
standard SA-2 Guideline anti-aircraft 
missile— radar-guided with an S0,000-ft. 
altitude capability and about 50-mi. 
slant range— with the SA-5 missile de- 
veloped primarily to cope with low-fly- 
ing aircraft, and similar in capability 
to the U. S. Army Hawk. 

The Soviets also took a major step 
forward in offensive missile capability 
with development of a solid-fueled Po- 
laris-tvpe missile that can be launched 
underwater from a nuclear submarine. 
Initial underwater firing tests were suc- 
cessfully completed almost IS months 
ago in the Arctic, and the new missile 
was publicly paraded through Red 
Square in Moscow last November by 
Red Fleet personnel. In turning to 
submarine-launched missiles and hard- 
ened ICBM sites, the Soviets are fol- 


AVIATION WEEK & SPACE TECHNOLOGY, March 11, 1963 



REFUELING PROBE for probe-and-droguc-typc refueling equipment is visible extending from nose of this Soviet Bear long-range turboprop 

that has replaced the plastic glass greenhouse nose and the series of camera ports along the Bear’s belly. Bears operated from Soviet 
Arctic bases and reached Azores via Iceland where they were intercepted by USAF F-102 fighters. 


Of Military Services 


lowing the U. S. lead in an apparent 
effort to develop a relatively invulner- 
able second strike nuclear’ capability 
that would eventually lead to a nuclear 
stalemate between the U. S. and 
USSR. 

Although the Russians’ international 
sabre-rattling emphasizes their offensive 
military capabilities in space and with 
ICBMs, modernization and expansion 
of the Red Air Force continues through 
development of new types of aircraft 
ranging from supersonic bombers to 
helicopters, and modification of existing 
aircraft with new armament, electronics 
and range capabilities to enable them 
to maintain an active role in the mas- 
sive fleet. 

Latest demonstration of the moderni- 
zation of venerable Red Air Force air- 
craft was provided a few weeks ago 
when new versions of the Bear Tu-95 
turboprop bomber appeared over U. S. 
Navy aircraft carriers in the Atlantic 


off the Azores. The Bear has been in 
the Sov iet bomber fleet since 1955, but 
the long-range reconnaissance versions 
photographed by Navy fighters over the 
USS Forrestal and USS Enterprise had 
been modernized with aerial refueling 
equipment, new long-range search radar, 
considerable electronic intelligence 
ferret equipment and multiple camera 
installations. 

Cruise Missile 

These forays by the Russian-based 
Bears into the Atlantic were the longest- 
known missions these aircraft have as- 
sayed. although earlier reconnaissance 
missions photographed the USAF 
North African bomber bases. The 
Bears, which originally had plastic glass 
bombardier noses in addition to radar 
bombing equipment and relied on free 
fall bomb delivery, have also been modi- 
fied with an air-to-surfacc supersonic 
cruise missile that is known as tne Kan- 


garoo, with a range of over 500 mi. 

Similarly, the Soviets have modified 
the aging Badger Tu-16 twin-jet 
bomber, which is about the same design 
vintage as the Bear, to perform a variety 
of modern offensive and reconnaissance 
roles. To extend its offensive capability, 
the Badger has been equipped with two 
types of air-to-surfacc missiles. One of 
these missiles used on Badgers assigned 
to the Red Navy looks like a scaled- 
down MiG-17, has a radar guidance 
system and is apparently designed pri- 
marily as an anti-shipping weapon from 
ranges of less than 1 50 mi. Called the 
Kennel, this missile is carried under 
each wing of the Badgers, which have 
been modified to carry special search 
and guidance radar in the nose. 

The other Badger-mounted missile, 
called Kipper, appears similar to the 
USAF Hound Dog, utilizes turbojet or 
ramjet propulsion and radar guidance 
system and has a range of several hun- 
dred miles. A single Kipper is mounted 
under the Badger fuselage centerline. 
Other Badgers have been equipped with 
external fuel tanks for extended range 
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SOLID RADAR NOSE has replaced the bombardier's plastic glass greenhouse on this Soviet Badger. Note stub antenna between 
astrodome and gun turret and rad3r-controllcd tail turret. 


and a wide variety of electronic intel- 
ligence ferret equipment. 

Aside from the modernization of the 
Bear and Badger fleets— about 200 Bears 
and 1,700 Badgcrs-the Soviets appear 
to be concentrating on developing new 
types of tactical and defensive aircraft. 
The new Blinder, first seen at Tushino 
in 1961, is probably aimed at a Badger 
replacement, but even with aerial re- 
fueling capability and its air-to-surface 
Kitchen missile it probably could not 
be classed as a strategic bomber. Indi- 
cations are it is aimed at strike-recon- 
naissance missions in the medium-range 
category. 

Strong ASW Effort 

Soviets are devoting considerable ef- 
fort to improving their airborne anti- 
submarine warfare capabilities, particu- 
larly to defend against Polaris-carrving 
nuclear submarines. The Beriev series 
of flying boats— the turboprop-powered 
Be-8 Mail and the turbojet-powered 
Bc-10 Mallow— appeared to be designed 
only for Baltic and Black Sea operations 
with relatively limited range for ASW 
work. Development of an ultra-long- 
range ASW aircraft is under way, but 
there is little information on its con- 
figuration or progress available in the 
West. It is based on prototype devel- 
opment of the Bounder, and is reported 


to utilize nuclear powcrplants. Air 
Marshal Konstantin Vershinin, chief 
of the Red Air Force, made several 
references in public speeches last year 
to the development of nuclear aircraft 
engines, a subject hitherto only dis- 
cussed at the engineering level. 

Soviets embarked on their biggest 
foreign military adventure since Korea 
in tne summer of 1962 when they 
poured a formidable force of Russian 
troops and weapons into Cuba to secure 
the island as a bastion of Russian im- 
perialism in the Western Hemisphere, 
and a ballistic missile base aimed at 
outflanking U.S. radar detection sys- 
tems and checkmating Strategic Air 
Command's 15 min. alert capability. 

Because of the reluctance by the Ken- 
nedy Administration to admit the scope 
and character of the Soviet military 
build-up in Cuba as it occurred, the 
full nature of this effort has only re- 
cently become apparent. Considering 
all of the Soviet shipping and logistics 
involved, the Cuban military effort 
must have cost the USSR well over a 
billion dollars. 

Decision to mount the Cuban mili- 
tary effort must have been made in the 
Kremlin in the late spring or early sum- 
mer of 1962. Beginning in late July and 
early August, Soviet shipping volume 
to tuba suddenly increased and strin- 


gent security measures were taken by 
the Russians to bar native Cubans from 
the port areas where these ships were 
being unloaded. All personnel involved 
in the unloading of these ships were 
Russian. This represented the begin- 
ning of an influx of Russian troops and 
technicians into Cuba that reached a 
maximum of 22,000 by October. The 
Soviet ships carried their deck loads in 
crates, and most of the critical military 
equipment including missiles, tanks, 
etc., were carried in the holds, where 
the only clue to their contents was 
unusually large hatches up to 80 ft. 
long. 

U-2 Spots SA-2 Site 

During this period, a regular weekly 
schedule of high-altitude photo-recon- 
naissance was flown over Cuba by Lock- 
heed U-2 aircraft operated by flic U. S. 
Central Intelligence Agency. On Aug. 
29. a U-2 mission photographed the 
establishment of eight Russian SA-2 
Guideline anti-aircraft missile sites and 
one coastal defense missile site. These 
Russian-manned sites had all attained 
an initial degree of operational readi- 
ness before they were discovered, al- 
though in subsequent weeks they were 
improved considerably with heavy revet- 
ments, access roads, protected missile 
storage areas and protective installations 
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for personnel in case of air attack. This 
swift transition from dockside unload- 
ing to initial operational capability in 
the field, without U. S. photo-recon 
detection, was characteristic of all types 
of Soviet missiles deployed in Cuba. 

Every high altitude U-2 flight from 
Aug. 29 through Oct. 7 revealed new 
SA-2 installations until a total of 24 
sites were tallied, each housing six mis- 
sile launchers equipped with two mis- 
siles. These 24 SA-2 sites, offering a 
slant range of 30 mi. and an altitude 
coverage up to 80,000 ft., gave complete 
defensive cover to the entire island of 
Cuba and made it impossible for U-2s 
to photograph their assigned targets 
without coming within the Guideline 
missile range. One U-2 was hit and 
destroyed by a Guideline missile on 
Oct. 23 near Bancs, but this was the 
only time during the Cuban crisis that 
anti-aircraft defenses were used against 
U. S. photo planes. 

Radar Defenses Grow 

By the time the SA-2 sites and other 
defenses were completed, the Soviets 
had more than 200 modern radar sets 
operating in Cuba. They also enlarged 
their coastal defense missile deploy- 
ment to five sites equipped with a total 
of 150 rail-launched stub-wing cruise 
missiles with a range of 40 mi. A 5,000- 
man armored task force was shipped to 
Cuba equipped with T-54 tanks, self- 
propelled assault guns, armored recon 
ears, mobile anti-tank missile launchers. 
Frog 25-mi. range solid-fueled rockets 
and armored personnel carriers. In ad- 
dition, 40 MiG-21 Fishbed Mach 1.5 
interceptors equipped with infrared 
homing Atoll air-to-air missiles were in- 
troduced to Cuba, completing an inte- 
grated air defense system for the island. 
The MiG-2 Is were piloted and serviced 
by Red Air Force personnel. 

By mid-October, Cuba had changed 
from a relatively soft-shelled target for 
external invasion or internal revolt to 
a hard rock bastion of Soviet strength 
bristling with modern weapons. In the 
meantime Soviet ballistic missiles and 
11-28 Beagle bombers began arriving at 
Cuban ports in strict secrecy. First 
Sandal missile reached Cuba "in mid- 


September, but it was not until Oct. 

14 that the first USAF SAC U-2 was 
able to get the first picture of a Sandal 
squadron. This picture was taken early 
on the morning of Oct. 14, shortly after 
SAC took over the Cuban photo mis- 
sion from CIA. and showed a Sandal 
squadron in field deployment in the 
San Cristobal area with initial firing 
capability already achieved. Photos 
later in the same day caught several 
other Sandal squadrons deploying in 
the same general area. 

U-2 high altitude photography be- 
tween Oct. 14 and Oct 23, when Presi- 
dent Kennedy ordered low-level photo 
sorties by Navy F8E and USAF RF-101 
fighters, revealed five more Sandal 
squadrons deployed in the San Cristobal 
and Sagua la Grande areas. On Oct. 
17. construction was photographed in 
initial stages at two IRBM missile sites, 
at Guanajay and the first of another two 
planned IRBM complexes at Remedios. 

The Sandal missile squadrons were 
regular Red Army rocket troops moved 
from permanent stations along the west- 
ern frontier of European Russia. They 
exhibited remarkable skill in their quick 
field deployment that attained initial 
operational firing capability in less than 
48 hr. from their demarche from the 
Cuban docks. With this capability 
achieved, they moved quickly to im- 
prove their sites into semi-permanent 
installations, pouring concrete firing 
pads, building carthern blast shields for 
fuel and oxidizer trucks, constructing 
pre-fab concrete nuclear warhead stor- 
age facilities and erecting missile check- 
out tents on concrete foundations capa- 
ble of holding the missile erector- trans- 
porters, and eventually shifting from 
their field tents to wooden barracks. 

The Sandal squadrons achieved full 
operational readiness in their four San 
Cristobal sites and two at Sagua la 
Grande on Oct. 27, the dav that Chair- 
man Nikita Khrushchev informed Presi- 
dent Kennedy the missiles would be 
removed. In the meantime, the deploy- 
ment of Soviet military forces into 
Cuba stopped on Oct. 23, when some 

1 5 Russian ships with military loads 
reversed course in the face of tlie U.S. 
naval blockade and headed for home. 


These ships included the Poltava, 
which had first been spotted by U.S. 
planes on Sept. 15 putting into Maricl 
with what later was determined to be 
the initial load of Sandal missiles con- 
cealed in her holds. It is believed that 
among the 15 Soviet ships headed for 
Cuba on Oct. 23 were at least five, in- 
cluding the Poltava, carrying the longer 
range IRBM missiles destined for 
Remedios and Guanajay. Only fueling 
trailers for the IRBK'Is— with much 
larger capacity than those deployed with 
Sandals— were actually spotted in Cuba. 
Only two Soviet ships have arrived in 
Cuba since Oct. 23 with military cargo 
and troops. Their cargo was mostly six- 
by-six trucks and large flatbed trailers. 
Removal Begins 

On Oct. 28, the first Sandal squad- 
rons were observed removing their 
equipment from the firing pads and 
getting ready to move out of their sites 
back to the Cuban ports. By Nov. 1 
the jackhammers were breaking up the 
heavy concrete IRBM launch pads, pull- 
ing up guidance and power cable con- 
duits and razing launch control build- 
ings. By Nov. 9 all 42 Sandals that had 
been deployed in Cuba, plus their sup- 
porting equipment and troops, had been 
shipped out of the island in Soviet bot- 
toms and the missile crisis was over. 

The crated 11-28 Beagle bombers 
arrived in Cuba in mid-September and 
were deployed at San Julian and Hol- 
guin airfields. Since four of the first 
seven Il-28s assembled at San Julian 
were the Mascot trainer versions, it was 
apparent that the Soviet pilots intended 
to check out Cuban crews on the re- 
maining 38 bomber versions. By mid- 
November, the Il-28s were being re- 
crated for transport back to Cuban ports 
and the last of the bombers left for the 
USSR on Dec. 7, 1962. With the San- 
dals and Beagles, about 5,000 Soviet 
troops and technicians left Cuba, leav- 
ing some 17,000, including the Guide- 
line operators, MiG-21 pilots and the 
armored task force. Whether or not 
these units leave Cuba during the first 
half of 1963 will determine how the 
Soviet military venture in Cuba will 
finally end. 



SOVIET SANDAL MRBM missile is shown in Moscow’s Red Square during armed forces day parade last November. This is same type 
missile deployed to Cuba last September, precipitating U. S. naval blockade. Missile is liquid-fueled and has estimated 700-mi. range. 
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Be practical 


When the soldering gets tough, crimp. 
Because sometimes it just isn't practical 
to terminate connectors by soldering them. 

Take connectors used in aircraft, for 
example. After a jet 6ghter is assembled 

to be terminated, working space has prac- 
tically vanished. Under these conditions, 
soldered-on-the-job terminations are ex- 
pensive and impractical. 



That's probably why many airframe 
manufacturers and subcontractors have 
standardized on Amphenol "Poke R"* con- 
nectors, especially when a MIL-C-5015 


Amphenol "Poke R" connectors are 
also widely used in land-based applica- 
tions. An eastern computer manufacturer, 


only because they work better and are 
available with shielded contacts, but also 
because circuit changes can be easily made 
after connectors are installed. Anyone who 
has ever been forced to make circuit 
changes involving soldered terminations 
will recognize the value of removable 


Complete technical data, including 
"PokeR" environmental resistance charac- 
teristics, is available from any Amphenol 
Sales Engineer. If you prefer, write Dick 
Hall, Vice President, Marketing. Amphenol 
Connector Division. 1830 S. 54th Ave. t 
Chicago 50. Illinois. 




Connector Division/ Amphenol-Borg Electronics Corporation 


Severe Internal Crisis Threatens NATO 


By Cecil Brownlow 

Paris— North Atlantic Treaty Organization, wracked by a number of long- 
dormant problems that have now flared into the open, is facing its most 
severe internal crisis since its organization in 1949— one that is creating serious 
concern over its future beyond 1969. 

For the first time since its inception, the basic structure of NATO itself is 
being subjected to a series of critical reappraisals that conceivably could re- 
duce the organization to a bureaucratic hulk, empty and ready for abandon- 
ment when the present treaty among the 15 Western nations expires in six 


Whatever the final ramifications, 
these reappraisals will have a substan- 
tial effect on the future roles of the 
U. S. and American aerospace firms 
within the framework of Western Fur- 
rope. Present issues include: 

• Form of NATO itself. Should it re- 
main primarily a military organization, 
be expanded to become a political- 
economic force, contracted to become 
something of a technological clearing 
house— or simply abandoned? 

• Cooperation within the alliance, an 
achievement that apparently is becom- 
ing increasingly difficult to attain even 
on matters of weapon system standard- 
ization. NATO working officials, for 
example, have been bitterly disap- 
pointed by the apparent breakdown 
along nationalist lines of the organiza- 
tion’s attempt to standardize on devel- 
opment and production of a V/STOL 
close-support fighter and a supporting 
V/STOL medium-range transport. 

• Its role as a nuclear power, the posi- 
tion and influence of the U. S. in any 
such multi-lateral force, and France's 
attitude toward it. 

• Role of the U. S. within a prospering 
Western Europe where France is seek- 
ing dominance. The French and others 
also are becoming concerned over 
whether the U. S. actually would meet 
its commitments and launch its strategic 
nuclear force to protect Western Europe 
against a Soviet attack, when this would 
mean the destruction of much of the 
U. S. and its resources. 

Basic reason behind much of the cur- 
rent unrest within NATO can be ex- 
plained by an overly simple formula: 

France wants the U. S. and its British 
ally, including a major portion of their 
industrial influence, out of Western 
Europe. Once this is accomplished, 
President Charles de Gaulle foresees 
Europe becoming a powerful "third 
force” roughly aligned with America 
but independent from any form of con- 
trol except that emanating from Paris. 

France’s drive under President 
Charles de Gaulle to attain these goals 
has been heightened by a persistent 
U. S. refusal to aid the French in de- 
velopment of an independent nuclear 


force, including a direct prohibition 
order to American firms, and by what 
France regards as its resultant second- 
class partnership within the alliance. 

The December U. S. agreement to 
provide Polaris missile systems to the 
United Kingdom as part of a national 
force and a subsequent simliar offer to 
France was regarded by de Gaulle as 
essentially an empty gesture. It pro- 
vided sufficient additional rancor to 
confirm his decision to veto Great Brit- 
ain's application to join the European 
Common Market. 

Britain, it is argued, can build a nu- 
clear warhead to fit the Polaris within 
an acceptable time limit. France can- 
not, and its officials view the offer as 
"unequal and unfair,” a covert move 
designed to entice France into abandon- 
ing its own atomic force. 

This means that in France’s opinion, 
NATO theoretically should be largely 
abandoned, ignored or sent through a 
radical transformation, because, as now 
constituted, its most dominant voice is 
that of the U. S. 

It does not necessarily mean, how- 
ever, that France will simply walk away 
from the organization, at least not be- 
fore expiration of the 1969 treaty date. 

Officials working closely with the 
problem believe France will continue 
to cooperate and work with NATO in 
areas which coincide with its own na- 
tional interests, particularly in the eco- 
nomic and technical fields. 

Despite the open rejection of the 
Polaris offer and the rebuff of Britain, 
French officials within NATO arc con- 
tinuing to cooperate in these two 
spheres through NATO’s various com- 
mittees and standing groups. 

On the technological sidc-because it 
is in its own interest to do so— France 
is expected to maintain its active col- 
laboration in a number of multination 
production efforts. These include the 
already operating consortium for the 
Raytheon I-lawk anti-aircraft missile and 
the anticipated NATO projects for ad- 
vanced systems, such as the General 
Dynamics/Pomona Redeye infantry sur- 
face-to-air defense missile. 

Thus far, France also has continued 


its active participation in a relatively 
new research, development and produc- 
tion group formed within NATO. This 
group has the task of finding areas 
where new developments are needed in 
which a multi-lateral approach from the 
beginning of the concept might pro- 
duce an agreement on a single piece of 
hardware for the participating nations. 

The group, as such, was formed after 
the BMR-3 competition for a close- 
support V/STOL fighter appeared 
doomed by France’s insistence that it 
planned to buy and build the Dassault 
Mirage 3V whether the aircraft won the 
NATO award or not, and after the 
BMR-4 attempt at standardizing on a 
V/STOL transport collapsed when the 
U. S. withdrew any promise of financial 
support. An effort currently is being 
made to revive BMR-3 (AW Mar. 4, p. 
31), but its chances of success admit- 
tedly are doubtful. 

“We sat down,” one official relates, 
"and tried to figure out just why these 
programs died, and we decided that the 
only way to tackle a majority of these 
[common production] programs was to 
get in at the start before any one had a 
project going. . . . This way we might 
avoid some of the nationalism . . .” 

As conceived, the U.S.. for example, 
would cooperate in such a project when 
it could gain from European technology. 
The same would be true for the Euro- 
pean nations involved. Specific areas 
of development need and capability 
would be decided upon, competitions 
held, and subsequently, a contract 
awarded for research, development and, 
eventually, production on a cooperative 

Here, the U. S. may find itself on 
occasion as the non-cooperative mem- 
ber. Mutual weapons development 
funds, which played a large part in shor- 
ing up the European industry after 
World War 2 to a point where it can 
effectively compete with the U. S. in a 
variety of technologies, are now ending. 
American funding for such cooperative 
projects probably would have to come 
from the military budgets of one or 
more of the three military services. 

Persuading any one of the services to 
part with a share of its budget for such 
purposes could be difficult to say the 
least, officials here concede. 

There is no doubt, however, that the 
composition and, to a degree, the mis- 
sions of NATO will undergo a change. 
Similarly, there is little doubt that U. S. 
aerospace firms will find it increasingly 
difficult to sell in Europe, particularly 
France, except in areas where there is 
an urgent need and a minimal European 
capability. 

Even here, the U.S. in combatting 


AVIATION WEEK 


TECHNOLOGY, 





FACILITIES 

Latest step in Grumman’s long-range aerospace pro- 
gramming is construction of a new $5 million Aerospace 
Engineering Center, shown here in an architect's draw- 
ing. Along with the recently completed Electronics Sys- 
tems Center and in-progress Research Center, this new 
complex of aerospace facilities will give Grumman the 
physical capabilities and resources to undertake major 
space system assignments. 

EXPERIENCE 

In the early 1950’s, Grumman instituted a compre- 
hensive, long-range program of space studies. Signifi- 
cant areas were hypersonics, reentry, capsule retrieval, 
orbital transfer and lunar vehicles. Major accomplish- 
ment to date is acquisition of the OAO (Orbiting Astro- 
nomical Observatory) contract for Goddard Space 
Flight Center (NASA), the Echo II canister assembly, 
and the Lunar Excursion Module (LEM) in connection 
with Project Apollo. More recent study contracts in- 
clude the performance study for Lunar Logistics Sys- 
tems and a new contract study in LunarAstrodynamics. 
Against the background of 33 years’ experience in 
solving the man-machine equation in aircraft and weap- 
ons systems, Grumman now offers a fully integrated 
space capability. 

AND ESPECIALLY 


Grumman's most valuable asset is people: scientists, 
engineers, technicians and craftsmen. This work force 
provides an unbroken network of interlacing aerospace 
experience and skills. Over all is a management team 
with the uncommon knack of fitting man and machine 
together ... of correlating large-scale programs simul- 
taneously ... of ensuring "total company” effort ... of 
transforming advanced ideas into reality. The Grum- 
man work force is by far the most stable in the industry. 

GRUMMAN 

AIRCRAFT ENGINEERING CORPORATION 
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the "gold flow" problem from the U. S. 
is becoming increasingly severe in its 
scrutiny of requests from firms for per- 
mission to grant licensed-production 
rights to a European counterpart. The 
Europeans want to buy needed tech- 
nology. The U. S. would prefer to sell 
off-the-shelf wherever possible in order 
to increase the dollar flow to the West. 

Within this over-all framework, par- 
ticularly when related to various na- 
tional political interests, it is still un- 
clear as to just how NATO will emerge. 

The U.S.-and West Germany to a 
great extent— still regards NATO pri- 
marily as a military organ, a "shield" 
against Communist aggression and. in 
an effort to rebuild the organization’s 
vitality, it is belatedly pushing its pro- 
posals for the establishment of a multi- 
lateral nuclear missile force with Ameri- 
can-supplied warheads that would re- 
main under U. S. control. 

At the same time, it is calling upon 
other NATO nations to buy American 
equipment whenever possible to help 
offset the cost of the support in men 
and material the U. S. is channeling 
into NATO in an effort to maintain it 
as an effective force. 

French Ambitions 

Despite France’s ambitions, the U. S. 
intends to remain in Europe: First, to 
protect itself and. second, to avoid a 
further proliferation of nuclear weapons 
by offering the individual countries a 
sufficient role in a multi-lateral force. 

It also hopes, despite the present 
tensions among some of the European 
NATO members, that a common effort 
in such a project can restore a measure 
of cohesion in the political thinking 
and military effort of the alliance. 

In a substantially different approach 
to NATO’s future, a number of top 
British officials arc beginning to regard 
NATO as a potential backdoor through 
which Britain might gain entry into the 
political and economic structure of 
Western Europe despite France’s de- 
termination to the contrary. Such a 
move undoubtedly would create new 
strictures within the alreadv strained 
alliance. 

French leaders, aside from generally 
wanting to diminish U. S. influence in 
Western Europe, tend to regard military 
alliances as essentially worthless in a 
nuclear age. The U. S., they say, would 
never use its nuclear power against the 
Soviet Union now that the latter has 
attained relative parity in this area un- 
less its own territory were under, or 
threatened by, a nuclear attack. 

This means, they contend, that 
NATO as a military force has seen its 
day. Each country must depend upon 
its own resources for survival. 

Because of this— and because of Pres- 
ident de Gaulle’s belief that entry into 
the "nuclear club” will restore his 


country to its former glory— France is 
remaining diligently aloof from all pres- 
sures to participate' in any multi-lateral 
combine, relying instead upon its own 
force now under development. 

Main purpose of the country's Mi- 
rage -Is. Mirage 3Vs and 3Es and Das- 
sault Etcndard 4Ms, beyond matters of 
prestige, is to place the price the Soviets 
would have to pay for conquest beyond 
what it is willing to pay— an estimated 
five cities on the part of Mirage 4s plus 
any damage the follow-up tactical air- 
craft would be capable of inflicting. 

U. S. Urgings Ignored 

Under this philosophy. France sees 
little need for a buildup of its conven- 
tional forces and probably will continue 
to ignore U. S. urgings in this direction. 

France now has two NATO-com- 
mitted divisions in West Germany as 
opposed to the four it is scheduled to 
maintain under present NATO force re- 
quirements. Another two are in France 
re-equipping after several years in Al- 
geria. They are not expected to be 
placed under direct NATO control 
anytime within the near future. 

Some French officials also tend to re- 
gard U. S. proposals for a sea-based 
multi-lateral force coupled with the 
planned withdrawal of Jupiter missiles 
from Turkey and Italy and President 
Kennedy’s emphasis upon a buildup of 
conventional warfare capability as evi- 
dence of a "nuclear disengagement” 
from Europe. 

Such a "disengagement” is flatly de- 
nied by responsible U.S. officials here 
on all counts. The Jupiter withdrawal, 
they maintain, is being carried out pri- 
marily because the weapons themselves 
are obsolescent and can be replaced 
more effectively by three American- 
manned Polaris submarines that will be 
roving the Mediterranean by Apr. 1 . 

Increasing the conventional warfare 
capability of U. S. forces in Western 
Europe, including modification of the 
aircraft in its two Republic F-105 
fighter-bomber wings stationed there to 
permit them to carry high-explosive 
bombs, is designed primarily to give the 
President an opportunity to assess So- 
viet intentions without having to resort 
immediately to nuclear retaliation. 
Unanswered Questions 

The composition of the multi-lateral 
nuclear force itself, the means by which 
it will be controlled and the scope of 
participation by countries other than 
the U. S. are matters still largely to be 
decided. 

It appears, however, that initial plans 
to install the Polaris aboard submarines 
manned by multi-nation crews is being 
abandoned in favor of placing the 3,000- 
mi.-range A3 version of the missile 
aboard surface vessels, primarily cargo 


Switch to the more-vulnerable sur- 
face system apparently was decided 
upon largely as a matter of expediency 
in order to have the missiles in place at 
the earliest possible date. Move also 
would be cheaper in over-all dollar cost 
—an important factor since the other 
participating nations will be called upon 
to share in the burden of training crews 
and the conversion program for flic ves- 
sels themselves would be accomplished 
in European shipyards. 

One vessel already is available. 
Shortly after Italy indicated its willing- 
ness to participate in the multi-lateral 
force, its government announced that 
an Italian cruiser, the Giuseppe Gari- 
baldi. had launched dummy Polaris con- 
figurations from tubes fitted to its deck 
during test trials last year. 

Other nations that have indicated a 
willingness to participate in the project 
include Great Britain, which also will 
make its V-bomber nuclear strike force 
.nailable to NATO under recent agree- 
ments with the U. S., West Germany, 
Belgium, Greece, Turkey and The 
Netherlands. 

France will remain outside, but Un- 
dersecretary of State George Ball has 
told the other countries concerned that 
the U. S. is “prepared to move ahead 
vigorously in cooperation with the 
NATO nations whether the French 
government decides to accept our offer 

Weapons Control 

The matter of weapons control can 
be difficult, particularly since congres- 
sional sources have made it known that 
they have no intention of relaxing the 
restrictive U. S. legislation concerning 
the use and placement of American- 
developed nuclear warheads. This 
means, essentially, that the President of 
the U. S. retains the only authority to 
issue a firing order, since the warheads 
for the multi-lateral Polaris systems will 
be supplied directly from America. 

One alternative under discussion 
would provide for a NATO consultive 
body that would share in the force's 
targeting assignments and help carry 
the burden of its responsibilities short 
of assuming actual control of the 

U.S. also is moving slowly in this 
area for yet another reason. It is impos- 
sible to foresee just what the composi- 
tion of several Western governments, 
including Britain, will be within a 
year’s time. West German Chancellor 
Konrad Adenauer is scheduled to step 
down this fall. President de Gaulle’s 
tenure is unknown, and British Prime 
Minister Harold Macmillan faces an 
election next year against Labor leader 
Harold Wilson, whose record to date 
has not indicated an overwhelming 
fondness for Britain’s present nuclear 
commitments. 
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FRUEHAUF’S 
VAST RESOURCES 
ARE KEYED TO 
SPACE AGE NEEDS 


Fruehauf's vast resources for the designing and producing 
of space age equipment have provided a wide range of mili- 
tary products . . . from standard and custom vans, shelters 
and trailers to advanced aerospace ground handling equip- 
ment. On both prime and subcontracts, Fruehauf's engineer- 
ing know-how has consistently demonstrated its capacity 
for handling the toughest problems— swiftly, efficiently. 

Fruehauf capability played an important part in the cele- 
brated flight of the X-15 ... the world’s first man-controlled 
winged space flight. Fruehauf supplied North American 
Aviation, working under the National Aeronautics and 
Space Administration, with Anhydrous Ammonia Tank 
Trailers for fueling the X-15 prior to take-off. Fruehauf also 
provided lox tanks for servicing the X-15 from the B-52 
mother ship while in flight. 

For additional facts on Fruehauf’s capability for design- 
ing, researching, developing and producing military and 
space age equipment of all kinds, send for your free copy 
of “Fruehauf G.S.E.— Military and Missile.” 


"ENGINEERED TRANSPORTATION”— 
The Key to Transportation Savings 


FRUEHAUF 

MILITARY PRODUCTS 

A FRUEHAUF DIVISION 
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553 ways to create 


a new world with electronics 


These 553 aspects of Hughes 
capability cover the spectrum of 
advanced electronics. From accelerators 
to zener diodes. From 
microelectronics to radar for 
our Navy's carrier Enterprise. From the 
oceans' depths to deep space. 

Here is breadth in depth. 

Research programs to probe the 
nature of matter. Development 
activities to turn new knowledge 
into useful paths. Productive 
capacity to build dependable hardware. 
Support services to keep 
these systems and products 
working dependably. 


Over 29,000 people, including 5,300 
engineers and scientists, are 
today at work at Hughes. 

Working for NASA in space, for the 

armed services in the maintenance of 

free world defense and 

for all of us in the betterment 

of human life— they are helping 

to create a new world 

with electronics. 

Creating a new world with electronics 


HUGHES 


Engineers and scientists with interest 
in any of the above areas are invited 
to inquire into the opportunities at 
Hughes. Numerous openings now exist. 
New opportunities at all levels will be 
created with further program expansion. 
Qualifications include: U.S. 

Citizenship, a B.S., M.S., or Ph. D. 
degree from an accredited university. 
Hughes is an equal opportunity 
employer. 

For prompt attention please address: 
Mr. S. L. Gillespie, Manager, 
Employment & Manpower, Hughes 
Aircraft Company, Culver City 13, 
California. 


MISSILE • PERSONNEL • CARGO • DECELERATION • TROOP • WEATHER 
RECOVERY • PARACHUTE COMPONENTS 
AIR/SEA SURVIVAL EQUIPMENT • LIFE RAFTS' 

TIEDOWN DEVICES • INFLATABLE VESTS 








TOTAL CAPABILITY- through UTL Services 


Your Company can attain total capability by utiliz- 
ing UTL services in Reliability Engineering, Techni- 
cal Services and Testing. 

As an independent and objective organization, the 
technical assistance rendered by UTL on many major 
weapon and space programs has provided industry 
and government with highly valued and advanced 
developments in the fields of . . . 

RELIABILITY ENGINEERING . ... program 
plans, training instruction, prediction, design review, 
part selection, quality assurance. 

TECHNICAL SER VICES ■ . . installation, eval- 
uation, logistic support, design, technical documenta- 

TESTING. ..simulation of space environments 
and weapon system mission profiles, electronic ord- 
nance and cryogenic parts and systems testing. 

The UTL technical staff, with comprehensive 
nationwide facilities, can assist you from develop- 
ment through delivery and installation. 

UNITED TESTING LABORATORIES a division of United ElectroDynamics, Inc. ■■■ 
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Assembly of initial series of Saturn 1 booster first stages is 
carried out in the main assembly building at the Marshall 
Space Flight Center. Tanks for SA-7 in foreground are ready 
for mating in jig in center background. Completed SA-6 is at 
left; SA-4, now on launch pad at Cape Conaverol, is right. 
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...IN ROCKET TECHNOLOGY. THE SECRET IS TO DEVELOP A METHOD OF OR SECURING TOGETHER LARGE FIBERGLASS 

CASING SEGMENTS TO PRODUCE HUGE BOOSTERS WITH MULTI-MEGAPOUND THRUSTS THAT CAN BE EASILY TRANSPORTED AND 
ASSEMBLED IN THE FIELD. UTC HAS DONE THIS. A METAL MECHANICAL JOINT PROVED HIGHLY SUCCESSFUL IN A TEST-FIRING 
OF THE FIRST SEGMENTED. SOLID PROPELLANT ROCKET MOTOR EMPLOYING A FIBERGLASS CASING. THE INHERENT ADVANTAGES 
OF EPOXY-BONDED FIBERGLASS CASINGS FOR LARGE BOOSTERS ARE SIGNIFICANT: □ LOW PRODUCTION COST AND REDUCED 
PRODUCTION LEAD TIME. BECAUSE DIFFICULT METAL CASING FABRICATION IS NOT REQUIRED. □ LIGHT WEIGHT. ANOTHER 
IMPROVEMENT OVER METAL CASINGS. □ HIGH STRENGTH-TO-WEIGHT RATIO. □ ON-SITE ASSEMBLY OF FIBERGLASS ROCKET 
MOTORS. □ IMMEDIATE DEVELOPMENT OF FIBERGLASS CASING SEGMENTS FOR ROCKET MOTORS 120" IN DIAMETER AND LARGER. 
RELATED UTC CAPABILITIES INCLUDE FILAMENT-WOUND ABLATIVE-COOLED THRUST CHAMBERS, 

ROCKET MOTOR CASINGS IN ALL SIZES, NOZZLES. ANOTHER ADVANCE IN THE STATE-OF-THE-ART BY UTC. 



United Technology Center 
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U.S. Space Effort Turns to Gemini, Apollo 

MILLIONS 

By Edward H. Kolcum 0F D0LLARS 

Washington— Vast U. S. investment in manned space flight during the next 
12 months will be a down payment on the future and will not buy large 
numbers of flights this year. 

Maj. Gordon Cooper’s attempt to wring the maximum performance from 
the Mercury capsule in late spring is the only manned flight scheduled this 
year. If successful, the MA-9 will conclude the Mercury program and set 
the stage for Gemini in 1964 and Apollo a year later. 

Because the major U. S. effort must ; — 

now be measured as a promissory note, manent lunar base while still funding 
its status can best be analyzed in terms Apollo. 

of dollars and what the dollars are to The Apollo spacecraft system is the 
buy. National Aeronautics and Space most ambitious program among the 
Administration is asking Congress for 51 separate items in NASA's program 
$3.2 billion to develop manned space inventory. It is the first line item in 
flight systems in Fiscal 1964, and for the agency’s history for which more 
an additional $564.5 million to build than a billion dollars is being requested 
facilities to support the new develop- in a single year, 
ments. The agency will commit 13,389 Design parameters and the lunar 
people— nearly half its total staff-di- orbit rendezvous mission concept were 
rectly to developing manned flight sys- defined for the Apollo system last July, 
terns. The dollar and personnel re- but only after in-fighting between 
sources sought are in the following NASA and several members of the 
major areas: President’s Science Advisory Com- 

• Spacecraft: $1.6 billion, 4,844 per- mittee, who felt that lunar orbit ren- 

sonncl, dezvous would be too complex an 

• Launch vehicles: $1.3 billion, 7,710 operation. 

personnel. The space agency won the fight by ar- 

• Integration and checkout: $157 mil- guing that lunar orbit rendezvou m 

lion, 1 54 personnel. •“’* - 

• Systems engineering: $47.5 i 


440 personnel. 

• Aerospace medicine: $21.5 million, 
241 personnel. 

Level of effort will be at least as 
great for the next few years, and it 
could increase substantially if the na- 
tion decides to embark on an advanced 
project such as a space station or per- 


and money. But Dr. Jerome 
B. Wiesner, President Kennedy's sci- 
ence adviser who led the opposition, has 
succeeded in reopening the case to the 
extent that Congress will conduct hear- 
ings to bring into the open the reason- 
ing behind the decision. 

The Apollo hardware program is only 
1 5 months old, b ut NASA is requiring 
a fast-paa JpISBcl iction rate for boiler- 
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NASA Vehicle Payload Assignments 


Vehicle designation 

Payload 

Saturn 1 

4 

Booster test 


5 

Booster/S-4 stage test 


6. 7 

Apollo boilerplate 


8, 9 

Meteoroid satellite 


10 

Apollo production command, service modules 


111* 

Manned Apollo ballistic 


112, 113, 114 

Manned Apollo orbital 

Saturn IB 

201 

Vehicle test/ Apollo boilerplate 


202 

Apollo production command, service modules 

Titan 2 




2 through 12 

Manned Gemini orbital 

Atlas Agena 

8 through 10 
13 through 18 

Rangers 7 through 15 


12, 21 

EGO 1. 2 


19. 20 

Mariner MC-1, 2 (Mars flv-by) 


22 

OAO-1 


301 through 308 

Gemini target (Agena D) 

Thor Agena 

2 

Echo 2 


3. 5, 9 

Nimbus tests (A-l. 2. 3) 



POGO-1. 2, 3 


6. 8. 11. 12 

Operational Nimbus (0-1, 2. 3. 4) 

Centaur 

2. 3, 6, 10. 13 

Vehicle tests 


4, 5 

Surveyor dynamic models 


7. 8, 9. 10 

Surveyor spacecraft tests 


12. 14, 15 

Surveyor lunar lander/orbiter 

Thor Delta 

17, 23 

S-6, S-6A (atmospheric structures) 


18, 22, 30 

Titos 7. 8. 9 


19. 25 

Syncom 2. 3 


20, 24 

Relay 2, 3 


21, 27 

Tclstar 2, 3 


26. 32 

OSO-2. 3 


28. 29, 31 

Interplanetary monitor satellites (1MS-A. B. C) 

Scout 

12. IS 

Re-entry tests (ballistic) 


13 

S-48 (topside ionospheric sounder) 


14, 17 

S-66 (polar ionospheric beacon) 


16, 18 

SER I’ 1-A, 1-B (ballistic) 


19, 20 

S-52, S-52A (British payloads) 


21, 22 

S-55C. S-55D (micrometcoroid detectors) 

Little Joe 2 

1 

Vehicle development 


2, 3 

Apollo boilerplate (pad abort test) 


4 

Apollo boilerplate (max. dynamic pressure 
escape) 

Atlas-X-259 

1. 2 

Fire 1. 2 (hyperbolic velocity re-entry) 

0 Three-digit r 

imbers are assigned 

o operational Saturns and to the Atlas Agena D 

vehicles in the 

Gemini program. 



plate and man-qualified spacecraft. 
North American Aviation’s Space and 
Information Systems Division was 
awarded the prime contract in Decem- 
ber, 1961. The company will deliver 
1 0 test command service modules be- 
fore June, and another 14 spacecraft 
before July 1, 1964. Two being deliv- 
ered next year will be the first man- 
rated spacecraft and will be flown on 
two-week earth-orbital missions in 1969. 

Production rate of four complete 
Apollo flight systems each year has been 
established for 1969 and succeeding 

Apollo spacecraft development pro- 
gram is divided into six major categories. 
Following chart shows the funding 
trends in each, with money figures in 
thousands: 


Fiscal Fiscal 
Component 1964 1963 

Command/service 

modules $661,000 $269,000 



Subtotal, 

spacecraft $1,031,500 $350,000 


Saturn 1 $75,000 $55,200 

Saturn B 55,000 

Little Joe 2 5,000 4,500 


subtotal, 

launch vehicles. $135,000 $59,700 

Supporting 
Salaries, 


i oral, Apono 

spacecraft .... $1,263,200 $462,600 

Tliis summary includes incremental 
funding to purchase the actual flight 
vehicles, and to plan flight trajectories. 
Development of the launch vehicles is 
included in the launch vehicle category, 
discussed subsequently. 

Contract with North American speci- 
fics that the company will design, de- 


$25,000 $5,000 

$55,700 $26,900 

$16,000 SI ,000 
.... S20.000 
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velop and manufacture Apollo com- 
mand and service modules, construct 
the adapter section between the space- 
craft and launch vehicle, integrate sys- 
tems and equipment, assemble and test 
the complete spacecraft and prepare it 
for flight. North American also is to 
integrate the lunar excursion module 
(LEM) being built by Grumman Air- 
craft Engineering Corp. into the space- 
craft package. 

The three-man command module 
weighs about 10,000 lb. and has an in- 
ternal volume of 300 cu. ft. Offset 
center of gravity will give it a lift/drag 
ratio of 0.5, permitting fairly extensive 
atmospheric maneuvering after re-entry. 
Landing footprint will be 5,000 mi. 
long and 200 mi. on either side of a 
centerline. 

The service module houses the Aero- 
jet midcoursc correction and maneuver- 
ing engine, an attitude control system, 
fuel cells and electric power supply, 
radars and radiators. The engine, desig- 
nated AJ10-137, will provide midcourse 
velocity corrections, inject and eject the 
Apollo spacecraft into and out of lunar 
orbit, and correct the lunar orbit. It 
also will have an emergency requirement 
to rescue a disabled excursion module. 
Developing 22,000 lb. thrust, the rocket 
engine will be fueled by hypergolic pro- 
pellants and will be capable of multiple 
restarts— possibly as many as 50. 

The lunar excursion module has been 
under development by Grumman since 
last December, and the goal is to define 
the final configuration by June. This 
two-man vehicle, sometimes called a 
lunar bug, is an entirely self-contained 
spacecraft, with its own environmental, 
life support and power systems. It may 
be modified into a truck by replacing 
the liftoff engine with a cargo platform. 
By removing all manned requirements, 
it could soft-land up to 6,000 lb. of 
casgo to support the first manned 
Apollo flight. 

General Dynamics/Convair Little Joe 
2 will test all three modules at the 
White Sands Missile Range beginning 
next August. Little Joe 2 is a cluster 
of seven Aerojet Algol solid propellant 
motors which can be ignited in se- 
quence to provide staging, or simultane- 
ously to loft a heavy payload. 

Identical guidance and navigation sys- 
tem equipment will be used where pos- 
sible in command and excursion mod- 
ules to increase reliability of the sys- 
tems. Under development by the Massa- 
chusetts Institute of Technology, the 
guidance system consists of three prin- 
cipal components: an inertial unit, be- 
ing built by the AC Spark Plug Division 
of General Motors; optical subsystem, 
by the Kollsman Instrument Corp., and 
guidance computer, by Raytheon Corp. 

Research instrumentation for the first 
two manned earth orbital flights is being 
developed with Fiscal 1963 funds. Sci- 




ASSEMBLY OF APOLLO CAPSULE (top, foreground) and service module (background) is 
under way at North American's Space and Information Systems plant. Static firing of 
Rocketdyne's F-l 1.5 million lb. thrust engine is carried out (below) at Edwards AFB. 




Many space missions require rocket engines whose thrust 
level can be accurately controlled over a wide range. STL 
scientists and engineers are developing a family of such 
engines, including the 5000 pound bipropellant rocket engine 
shown above. These engines can vary their thrust across a 
throttle range greater than 40 to 1 while maintaining high 
combustion efficiency and limiting propellant residuals. With 
each test firing of the 5000 pound engine (and its 500 pound 
counterpart), the insight of STL scientists and engineers 
grows keener in areas of extra terrestrial propulsion. New 
positions have been created by this project, by STL’s work 
as prime contractor for NASA’s OGO, by its prime contrac- 


tor assignment on a new series of Air Force-ARPA space- 
craft, by its Systems Management activities for the Air 
Force's Atlas, Titan and Minuteman programs, and by other 
space responsibilities. Openings are in: Space Physics, Radar 
Systems, Applied Mathematics, Space Communications, 
Antennas and Microwaves, Analog Computers, Computer 
Design, Digital Computers, Guidance and Navigation, Elec- 
tromechanical Devices, Engineering Mechanics, Propulsion 
Systems, Materials Research. For Southern Calif., or Cape 
Canaveral positions, write Dr. R. C. Potter, Dept. A-3-3, 
One Space Park, Redondo Beach, Calif., or P.O. Box 4277, 
Patrick AFB, Fla. STL is an equal opportunity employer. 
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entific instruments for the succeeding 
eight Apollo flights will be bought with 
Fiscal 1964 money. Included in this 
program are cameras, television systems, 
seismometers and magnetometers. 

First sizable funding increment for 
operational launch vehicles is reflected 
in the Fiscal 1964 budget, because the 
first vehicles for manned launches will 
be delivered during this period. NASA 
will buy six Saturn 1 vehicles capable 
of orbiting the command module only, 
and an unspecified number of Saturn 
B launchers, which can place the en- 
tire Apollo spacecraft in earth orbit. 
This is the first key milestone of the 
three-part Apollo flight program. The 
others arc circumlunar and lunar orbital 
flights, followed by the manned landing 

Continued development of manned 
space flight capability prior to Apollo 
will be the role of the’ Gemini program. 
Design of the two-man Gemini space- 
craft is essentially completed, and the 
first man-rated system will be delivered 
late this year by McDonnell Aircraft 
Corp. which also built the Mercury 
spacecraft. Gemini is designed funda- 
mentally on Mercury technology. 

Build-up of the Gemini contractor 
base did not take place as quickly as 
it could have during the past year be- 
cause the over-all system cost has grown 
higher than anticipated. However, pro- 
duction will reach its peak during the 
next 12 months, with this funding level: 

• Spacecraft, $196.2 million. Only one 
unmanned launch is planned in this 
program, a ballistic lob, with the target 
date still scheduled for December. 
NASA is scheduling manned flights in 
the early spring of 1964. The contract 
calls for delivers' of 12 spacecraft for 15 
missions; three capsules will be refur- 
bished for second flights. Five space- 
craft will be delivered in Fiscal 1964. 
Contract probably will be extended for 
additional Air Force capsules as the 
result of an agreement which makes 
USAF an active participant in the 
Cemini program. 

• Launch vehicles, consisting of a fam- 
ily of three: Martin Titan 2. $46.9 mil- 
lion; Lockheed Agena D, $32 million, 
and General Dynamics/ Astronautics 
Atlas D, $15.9 million. Titan 2 is the 
Gemini launch vehicle, and Atlas will 
launch an Agena target stage for the 
Gemini rendezvous mission. Standard 
military Titan 2s will be modified for 
the Gemini mission to use radio in- 
stead of inertial guidance, and with ad- 
dition of a malfunction detection sys- 
tem, redundant control system and 
added checkout and test leads. Five 
Titan 2s in the total order of 15 will 
be delivered in Fiscal 1964. During the 
coming year, USAF will qualify the spe- 
cialized Gemini components in Titan 
2 missile tests. General Dynamics Mil 



MANUFACTURE of Saturn components lias begun by both Chrysler Corp. and Boeing 
Co. at Michoud, La. Tanks for the Chrysler Saturn 1 first stage are shown in storage area 
(top) and thrust structure for the Sl-8 first stage is being moved from Station 1 to a rotary 
inspection table (center). Boeing employes arc lifting y-ring for Saturn 5 front boring 
mill for mounting on foundation for X-ray and other tests. 
















120 INCH 
NOZZLES 
FOR TITAN III 
NOW IN 
PRODUCTION 
AT HITCO 


The delivery by Hitco of the first 120-in. structural plastic nozzle to United Tech- 
nology Center in mid-1963 will climax over four years of research and development 
in large nozzle fabrication. The problems of building the nation's largest and most 
reliable nozzles for the Air Force Titan lll-C first-stage solid-propellant motors 
have been overcome. □ Principal contribution to the solution of these problems 
was the installation of a 132-in. diameter hydroclave-autoclave combination at 
Hitco's extensive aerospace plastics facility. This giant pressure vessel greatly 
increases structural reliability of the nozzle by distributing 1000 psi pressure 
uniformly over the nozzle surface. O Determined to keep pace with the develop- 
ment of larger solid boosters. Hitco now is studying other approaches to the 
fabrication of nozzles up to 260-in. diameter. □ Hitco invites your interest in its 
large structural plastics facility which, in addition to the nation's largest hydro- 
clave-autoclave, includes winding and machining equipment, presses up to 2400 
tons, large filament winding equipment, and assembly facilities and capabilities 
for smaller ablative and insulation parts. Please write or call. 



deliver three Atlas vehicles for the 
Gemini program next year, and Lock- 
heed a single Agena D' stage. Rendez- 
vous mission for Gemini comes in 1964 
or 1965, about a year after the long- 
duration flights. 

• Operations, funding at SI 4.6 million 
will pay flight control teams at network 
sites, and provide weather surveys for 
missions. Also in this category is money 
for continuing studies of rendezvous, 
docking and maneuvering techniques. 

NASA will continue work on a suit 
for extravehicular experiments, and for 
bio-instrumentation development. The 
agency plans to spend about S700.000 
for these developments and to reim- 
burse USAF for testing ejection seats 
and for support in test of the Gemini 
paraglider and parachutes. 

First U. S. manned space flight proj- 
ect, Mercury, is expected to conclude 
after the MA-9 mission. The program 
will have involved six manned missions, 
from 5-min. ballistic flights to as much 
orbital time as Maj. Cooper can obtain 
in the coming attempt. 

Mercury has succeeded in demon- 
strating man’s ability to function in the 
space environment and to use his judg- 
ment in flying a capsule. Besides its 
technological successes. Mercury has 
sold the Administration and Congress 
on the value of the space program as it 
relates to national morale and inter- 
national prestige. 

Technologically, Mercury has estab- 
lished the framework for Gemini, and 
has verified the wisdom of using test 
pilots as astronauts. 

A capsule and Atlas launch vehicle 
are ready for a Mercury Atlas-10 mission 
if NASA is not fully satisfied that MA-9 
has obtained the full store of data pos- 
sible from the Mercury system. MA-10, 
if flown, probably would take place late 
next summer or early fall. 

To break the booster-limit strait- 
jacket on U. S. spacecraft size, like the 
case of Mercury, NASA is developing 
the Saturn family of high-thrust vehicles. 

NASA is requesting $1.1 billion in 
Fiscal 1964 to develop the Saturn fam- 
ily to be used in Apollo, in addition to 
buying vehicles already developed or 
ready for operational use. The program, 
and its funding levels in thousands: 

1964 1963 


Saturi 


68,600 

54,100 

48,200 

32,600 

5,200 

22,500 

16,900 

7,300 


e operation 151,000 118,700 


$1,274,500 $817,800 
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Key milestones scheduled during the 
next year are preliminary flight rating 
tests for the F-l and J-2 engines, both 
under development by Rocketdyne Di- 
vision of North American Aviation. Five 
clustered F-ls will power the Saturn 
5 booster, which will launch Apollo 
on both circumlunar and lunar landing 
missions. A five-engine J-2 cluster will 
power the second stage of the vehicle, 
and a single J-2 will power the third 
stage. 

Both engines have experienced prob- 
lems of rough combustion during de- 
velopment. In the 1-2 the problem was 
met by redesigning the injector, adding 
a combustion suppressor. The F-l prob- 
lem has not been solved. 

NASA has set a demanding man- 
qualification program for the F-l, which 
involves 75 consecutive full-duration 
runs. The J-2 qualification program in- 
cludes 425 separate engine component 

The Saturn flight test program has 
been characterized by complete success 
in the first three launches in a 10-ve- 
hicle testing program. One more Block 
1 Saturn with an inert S-4 second stage 
is to be fired this spring. In Fiscal 1964, 
a Block 2 Saturn with live booster and 
second stage will be launched every 
three months. 

Tenth vehicle in the test program will 
have the first Chrysler-produced booster 
stage. Payload for Saturn test vehicles 
starting with the fifth will be Apollo 
boilerplate or prototype capsules. 

The Douglas S-4 stage is powered by 
a cluster of six Pratt & Whitney RL10- 
A3 engines. A battleship cluster of six 
major engine components was fired for 
the first time last Aug. 17. and a full- 
duration, 435-scc firing of the cluster 
was accomplished six weeks later. 

The second member of the Saturn 
family, now called IB, is being designed 
solely for Apollo. It has the capability to 
launch a full-sized Apollo spacecraft into 
earth orbit where the structure and 
components can be qualified in long- 
duration flight. It will also test the 
Douglas S-4B stage, which is the IB 
second stage and the Saturn 5 third 
stage. The booster is the same as the 
Block 2 Saturn 1, an eight-engine 
cluster of Rocketdyne H-l engines, each 
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KEEP IT SIMPLE . . . Build it. Test it. These are the rules for reliable spacecraft develop- 
ment and successful system integration. This development philosophy plus complete facilities 
at the Bendix Systems Division support major programs from concept to flight test to fulfill 
tomorrow’s needs in satellite communications. Engineers seeking career opportunities in the 
space field are invited to contact our Personnel Director, Bendix Systems Division, Ann Arbor, 
Michigan - An Equal Opportunity Employer. 




Bendix Systems Division 
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UNLOCK 
THE FUTURE 


• SPACE TECHNOLOGY 

producing 188,000 lb. thrust. Block 1 
H-l engines have a 165,000 lb. thrust 

Test program for Saturn IB involves 
only four flights, all with live stages and 
all carrying Apollo developmental space- 

Test program for Saturn 5 has not 
yet been defined, but it will probably 
consist of eight flights, the last four of 
which would have live upper stages. 

Until early last year, NASA was hope- 
ful that it could organize a headquarters 
staff capable of assuming the integra- 
tion, checkout and systems engineering 
responsibilities associated with current 
and future manned space flight missions. 
The agency could not attract the talent 
it needed for these tasks except on the 
management level. 

As a result NASA contracted with 
General Electric and Bcllcom to per- 
form these functions. 

Integration and checkout for Apollo 
has become a major program to assure 
that everything produced by the prime 
contractors and the several thousand 
subcontractors and suppliers fits the sys- 
tem mechanically and functionally. The 
GE contract consists of three funda- 
mental aspects: 

• Integration-identifying and docu- 
menting equipment and procedures 
which involve more than one contractor. 

• Checkout— provision of a standardized 
means of checkout systems analysis, and 
designing and building the launch con- 
trol checkout equipment. Hardware 
items for checkout are being bought 
with Fiscal 1965 money. 

• Reliability— a joint program being un- 
dertaken by GE and several NASA 
centers. Objective is to assess reliability 
levels, and to establish requirements 
for redundancy and testing. 

Rapid evolution of the space pro- 
gram has brought with it the need to 
determine exactly where the country is 
going in manned flight, and what means 
will be used to get there. The Systems 
Engineering Directorate in NASA has 
the task to provide this information and 
is aided by Bcllcom in both approved 
and planned programs. 

NASA’s decision to use the lunar 
orbit rendezvous technique for the 
manned lunar landing mission was 
based on systems office studies, and this 
office also developed the central Apollo 
document called Apollo Systems Spe- 
cifications. This document defines the 
flight missions, requirements for each 
subsystem, and the subsystem responsi- 

Studies for future missions are fo- 
cused on space stations, lunar bases and 
manned planetary expeditions. NASA 
anticipates that it will select the post- 
Apollo manned mission within a year 
on data which evolves from these sys- 
tems studies. 



Janitrol handles JetStar air 

Lockheed's compact four engine JetStar dashes coast to coast at speeds of 
the big jetliners. And Lockheed chose Janitrol air handling components for 
cooling, anti-icing, and safety systems in this reliable aircraft. 

Compact Janitrol heat exchangers are used in the two air conditioning 
systems designed by Hamilton Standard while a third exchanger cools engine 
bleed air for an auxiliary air supply system. 

A Janitrol regulator and fan assembly controls the electronic compartment 
pressure and air flows under all flight and ground conditions. 

Janitrol pneumatic valves are at work too: These shut off engine bleed air to 
the nacelle anti-icing and cabin air conditioning system manifolds. 

Wherever you need high performance and reliability in pneumatic and 
hydraulic components, ask for a proposal from Janitrol. Janitrol Aero Division, 
Midland-Ross Corporation, 4200 Surface Road, Columbus, Ohio. 
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DOD Balks Most Military Space Expansion 


Military space activity reducing the intelligence imbalance between U. S. 
and Soviet Russia continues at a rapid pace, but other military space pro- 
grams remain stymied because they have (ailed to receive top-level Defense 
Department and Air Force support. 

Two basic parts comprise the U. S. defense space effort: a broadly based 
intelligence-gathering program which is successfully exploiting the most 
advanced concepts in sensors and space flight technology, and the segment 
including communications and navigation satellites which is openly reflected 
in the budget. 


Pace of the intelligence activity is 
seen in the number of military launches 
registered with the United Nations dur- 
ing 1962. There were 33 successful 
U. S. military launches in the past year, 
12 more than were flown by the Na- 
tional Aeronautics and Space Adminis- 
tration. 

Greatest share of the defense space 
program is assigned to the USAF Sys- 
tems Command, with the Navy's 
Transit navigation satellite program the 
only approved non-USAF military space 
activity. Air Force early this year decided 
to concentrate its emphasis on three 
primary systems: 

• Military orbital development system 
(MODS), a space station concept. 

• Rendezvous-Inspector system. 

• Secure communications satellite. 

All other funded projects, programs, 
and conceptual and feasibility studies 
are geared directly to these three proj- 
ects or to the intelligence effort. 

Because MODS and Inspector are 
manned, these projects come under the 
scope of the Gemini planning board, a 


joint Defcnse-NASA board responsible 
for coordinating all manned space flight 
activities. Although MODS is con- 
sidered by USAF to be the top priority 
item in its space program, the service has 
been unable to convince DOD of its 
necessity. As a result, USAF will try 
to buy into NASA's space station pro- 
gram, which is being actively studied 
now. The civilian agency hopes to de- 
fine a space station development plan 
before the end of the year. 

For the same reason, USAF is buy- 
ing a portion of the NASA Gemini pro- 
gram to take up the slack resulting from 
cancellation of the Saint unmanned in- 
spection satellite and the manned Saint 
2 Inspector satellite. USAF has devel- 
oped plans in which Gemini would be 
the basis for the Inspector satellite, and 
a ferry vehicle for MODS personnel 
and supplies. 

Extent of USAF participation in 
Gemini has not been determined, but 
Air Force is pushing hard to shift X-20 
Dyna-Soar money to the Gemini pro- 
gram. Indications are that the X-20 


program will be canceled or reduced to 
a study later this month. Defense Sec- 
retary Robert S. McNamara’s visit to the 
Boeing plant in Seattle as a part of a 
personnel survey of the manufacturing 
aspects of the program wound up a De- 
fense Department evaluation of Dyna- 
Soar carried on for the past 18 months. 

Reactions are mixed even in Systems 
Command over the impact of cancelling 
X-20. Total program cost is estimated 
at $800 million, and the argument cen- 
ters around whether the technology 
Dyna-Soar will provide is worth this 
amount. Although the boost glide vehi- 
cle probably could not fly until 1966 or 
later if it is continued at its present 
pace, it will provide data on maneuver- 
ing during re-entry and on radiation 
cooled structures not available from 
other space flight programs. 

Gemini Accord 

One of the central reasons USAF 
wants to extend Gemini as its own pro- 
gram is to obtain management experi- 
ence in manned space flight. Terms of 
the Gemini agreement call for joint ex- 
periment planning, joint flights and in- 
flight tests and coordinated analysis of 
results — under NASA management. 
Jointly, USAF and NASA will obtain 
rendezvous, docking and extended 
weightless flight experience in the 
Gemini program. 

A separate USAF program could make 
Gemini an operational interceptor using 
sensors, cameras and other reconnais- 


Except in Reconnaissance 


sancc equipment in the basic two-man 
Gemini spacecraft. 

The military communications satel- 
lite program was reoriented last May, 
resulting in the cancellation of Advent 
and start of two new programs: a ran- 
donr-orbitmg medium altitude system, 
and a synchronous system. USAF was 
given responsibility for developing the 
satellites, and Army the ground net- 
work. 

Pacing item in the communications 
satellite programs has not been tech- 
nology, but the failure of Defense Re- 
gram development plan. Net result is 
that hardware contracts are still not 
awarded, and the first flight date has 
slipped from early next year into 1965. 
First program development plan was 
submitted last September, and it has 
been under fairly continuous revision 
since. Overlay of management respon- 
sibility of the communications satellite 
program is illustrated by the fact that 
after passing through military' channels 
the program must undergo 57 separate 
approval steps in Defense Research and 

A firm plan is expected in late spring, 
and proposal requests for subsystems are 
expected to be issued at that time. Tech- 
nical approach is to use state-of-the-art 
items wherever possible, excepting prob- 
ably some advanced concepts in travel- 
ing wave tube technology. There has 
been criticism that the first military 
communications satellite will not be 


secure, and will not be as advanced as 
the American Telephone & Telegraph 
Telstar satellite. Although USAF con- 
cedes this, the service insists that the 
operational svstem will not have these 
drawbacks. 

Launch Vehicles 

The medium altitude system will con- 
sist of a large number of relatively small 
satellites launched by Thor or Atlas 
Agena combinations. Each vehicle will 
carry four or more satellites that will be 
ejected randomly at an altitude of about 
5,000 mi. In the synchronous system, 
three equidistant satellites would be 
placed in orbit at 22,300 mi. altitude. 
Launch vehicle could be a Titan 3-A. 

Air Force last year conducted an ex- 
tensive space science and technology 
program, but the sendee finds it diffi- 
cult to disseminate the results in view 
of the Defense Department secrecy edict 
on its space activities. Although space 
capsule recovery is considered a prime 
objective in the USAF satellite program, 
the sendee no longer is allowed to dis- 
close how many of its capsules were 
ejected from orbit and recovered. 

The secrecy directive, issued last Mar. 
23 and itself classified secret, has effec- 
tively reduced the flow of scientific 
results, or at best has delayed publica- 
tion of the results. Its major provisions 
are a ban on press coverage of launches, 
elimination of names such as Dis- 
coverer, Midas and Samos and assigning 
weapon system number designations to 


projects, restriction of all military space 
information to those "with a need to 
know," and release of scientific infor- 
mation only after it has been screened 
for security. 

Statistically, USAF in 1962 launched 
65 scientific experiments on board satel- 
lites, broadly designed to measure up- 
per atmosphere density, micrometeorite 
populations, natural and artificial radia- 
tion. electron and ion densities, mag- 
netic fields and galactic radio noise. Air 
Force developed a standardized research 
payload module to fit into the Agena 
stage, and successfully launched 13 of 
these modules during the year. 

Atmospheric studies were conducted 
by instruments carried aloft in 50 
sounding rocket and probe flights, 
launched mainly from the Eglin Gulf 
Test Range and White Sands Missile 
Range. These rocket launches obtained 
data on chemical properties, kinetics 
and composition of the upper atmos- 
phere. Twelve nuclear emulsion pay- 
loads were launched and recovered, pro- 
viding information on energetic particle 

New Studies 

Other scientific experiments last year 
included six flights of a standing wave 
impedance probe and five flights of a 
plasma probe experiment. 

USAF will extend its investigation of 
the atmosphere in 1963 with tiie launch 
of approximately 700 balloons designed 
primarily to measure ozone concentra- 
tions as they differ with seasons and 
altitude. 

In the area of technology, USAF has 
established a three-vear program to study 
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The most significant asset any corporation in the Research and Devel- 
opment field has today is the talent of its people. Conductron has the 
talent of a large corporation . . . with the benefits of a small company. 
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Ann Arbor, Michigan 


Computer Control Company performs 
successfully on Mariner II Program 

Spaceborne Data Conditioning System 
bandies over 5 million bits of scientific 
information on 109 day flight to Venus 
Spaceborne Data Conditioning System aboard Mariner li typifies 
Computer Control's ability to satisfy stringent size,- power, reliability 
and delivery specifications for logic design, circuit and module de- 
velopment, fabrication and packaging. This fast real-time sampling, 
processing and control system gathered information from scientific 
instruments aboard the spacecraft and prepared data for trans- 
mission to earth. In addition, it controlled: (1) the scan of instru- 
ments sweeping Venus' surface, (2) calibration operation checkout, 
and (3), time sharing of scientific and engineering data in the 
telemetry system. Design to delivery: three months. 

For over 10 years, Computer Control Company has designed, de- 
veloped and delivered a wide range of special purpose digital sys- 
tems for such applications as signal enhancement, information 
storage and retrieval, data conversion, digital positioning, industrial 
control, coordinate conversion. With this background and technical 
competence, 3C is equipped to supply specialized digital support 
systems for aerospace and ground environments. 



Coordinate Conversion Computer at Goldstone positions 
antennas tracking Mariner II and other space vehicles 




OTHER 3 C DIGITAL SPACE SUPPORT SYSTEM ACTIVITIES 

■ Antenna positioning for needle belt, 
satellite, and spacecraft tracking ■ Data 
acquisition system for orbiting observatories 


Automatic checkout systems for space- 
craft and subsystems ■ PCM telemetry ■ 
Simulation devices for astronaut training 
and automatic checkout ■ A-D and D-A 
Conversion systems ■ Ranging systems ■" 
Spacecraft r 
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advanced ballistic re-entry systems 
(ABRES), in which 23 contractors will 
participate. Major phases of the pro- 
gram are development of advanced ma- 
terials, maneuverable cones and decoys 
and penetration aids. Atlas F standard 
launch vehicles will carrv the payloads 
on ballistic trajectories from both the 
Atlantic Missile Range and Vanden- 
berg AFB. 

Status of major USAF space flight 
programs: 

• ICBM alarm satellite, formerly called 
Midas, using infrared sensors to detect 
ballistic missile launches bv sensing mis- 
sile exhaust radiation. Midas was origi- 
nally scheduled to become operational 
next year, but the program schedule 
proved too amibitious, satellite design 
too complex and insufficient data was 
available on background earth radiation. 
As a result, the program was reduced to 
experimental status early this year, and 
components are now being tested in 
orbit. 

• ASSET, the aerothermodynamic/clas- 
tic structural systems environmental 
test series. Program, with McDonnell 


SHAKE IT, DROP IT 

DRILL IT! E MAGNETRONS ! 


NETIC & CO-NETIC MAGNETIC SHIELDINGS PERMANENTLY 
PROTECT YOUR COMPONENTS . . . never require rejuvenation . . . 
have negligible residual magnetism . . . make your sensitive components 
impervious to outside magnetic disturbances. 

as on the ground to protect recording tapes, components or systems. The proprietary char- 
j acterlstics of these alloys enable you to design compactly and to Improve overall performance. 




New lightweight system 
for positive separation 
in microseconds by 
controlled explosion 


System separates sections of spaceborne 
vehicles when detonated. Composed of Explosive 
Technology’s flexible linear shaped charge housed 
in a continuous molding with integral detonator 
mounts. Jetcord system is installed on the internal 
or external circumference of the section. On detona- 
tion, the charge concentrates the jacket into a metallic 
jet that cuts through the metal cleanly to 
the sections positively. Non-cutting fragments 
'e contained within the molding. Jetcord 
systems weigh up to 2/3 less 
than multi-component sys- 
systems: save space. 


AVIATION 


& SPACE TECHNOLOGY, Marc 


1, 1963 


121 





Probably not. Yet no one knows for sure what it might 
look like, which is why studies are underway at AMF 
to define the vehicle that will meet man's needs when 
he arrives on the moon. 

These advanced programs are directed at providing 
mobility for man during his early lunar explorations— 
and providing the know-how for the development of the 


specialized equipment to help man constructlhe first 
lunar base. 

Other concurrent, across-the-spectrum aerospace 
projects at AMF are helping solve the problems of 
handling large boosters and payload packaging here 
on earth— as well as orbital grappling-attachment sys- 
tems and mechanisms for soft-landing lunar payloads. 



For more information on AMF Total Capability in aerospace systems and equipment, as well as in: Aerospace Ground Equipment, Armament 
Systems, Field Installation and Activation, Hydraulic Power Packs, Hydrospace and ASW Systems, Mechanized Cargo Handling Systems, 
Missile Range Instrumentation, Nuclear Systems and Equipment, Radar Pedestals and Rotary Joints, Simulators and Trainers, write for 
the new AMF brochure, "Ideas into Reality." 


AMERICAN MACHINE & FOUNDRY COMPANY GOVERNMENT PRODUCTS GROUP 

FAWCETT PLACE. GREENWICH. CONNECTICUT 


scheduled to begin a year ago. but the 
payload became too heavy for the 
planned Scout launch vehicle and was 
shifted to Thor Delta and Thor vehicles. 
First test flight is scheduled for next 
August. Four flights are planned of 
different hypersonic re-entry vehicle 
models made of various materials. 

• Vela Hotel, a joint Defense Depart- 
ment-Atomic Energy Commission satel- 
lite program to develop a satellite to 
detect nuclear explosions in space. Com- 
ponents are being tested in orbit and 
as rocket payloads. 

Air Force made a concerted attempt 
during the past year to standardize its 
launch vehicle family because of a phi- 
losophy that the vehicle must be clearly 
defined to provide some basis for incen- 
tive contracting in payloads. The stand- 
ard launch vehicle objectives are to in- 
crease reliability and production rates 
along with a cost reduction. 

Vehicles in the standard launch vehi- 
cle category' are Thor, Atlas, Agena and 
Titan 3. the Titan 3 is a two-vehicle 
system, consisting of the 3-A and 3-C. 
titan 3-C, a Titan 2 core with two 120- 
in. segmental solid motors strapped to 
its sides, is expected to have its first 
flight in 1965 and to be qualified to 
cany manned spacecraft a year later. 

The comparatively brief development 
program is possible because the engines 
are being tested in both Titan 2 and 
Mintiteman development flights. 

Titan 3-A schedule calls for a first 
flight in autumn of 1964. Vehicle is 
basically a Titan 2 with a third stage 
called the transtage. Upper stage is a 
two-nozzle 16,000-lb. thrust engine. 

First Phase 2 contracts for devel- 
opment of Titan 3 were awarded early 
this year after a protracted program 
definition effort and review that took 
nine months. 

The program is the first major one 
in the Air Force to use incentive con- 
tracts during initial development and a 
great deal of the long definition period 
was due to cautious and complex ne- 
gotiation over incentive fee provisions. 

Technical definition was carried out 
in Phase 1 studies that were completed 
in early spring of 1962. During this 
phase it was determined that the tran- 
stage would be a necessary addition to 
the Titan 2 core. 

First Phase 2 contract signed was 
with United Technology for the 120-in. 
solid booster development. Lite in 
February, the contract with Martin- 
Marietta for the Titan 2 core was com- 
pleted. Aerojet-General Corp. is con- 
tractor for titan 2 engines and AC 
Spark Plug for guidance. Originally, 
the launch complex at Cape Canaveral 
was to consist of three new pads, but 
one planned for filled land in the Ba- 
nana River was eliminated in the Phase 
2 negotiations. 
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Space Science, Research 

By Alfred Alibrando 

Washington— Space science and research under way by the National Aero- 
nautics and Space Administration is growing to the point where the $1.2 
billion requested in this category for Fiscal 1964 is more than the S964 
million NASA spent for all its programs in Fiscal 1961— including the 
Mercury manned flight program. 

Bulk of U. S. spending for space science and research is done by NASA, 
whose comprehensive flight program ranges from use of small sounding rock- 
ets for studies of the near-earth environment to heavy and complicated space- 
craft for missions to the moon and the planets. 

:e programs are managed by 


NASA's Office of Space Science, whose 
budget request for Fiscal 1964 is 5754. 7 
million. Research programs arc form- 
ulated by the Office of Advanced Re- 
search and Technology, for which 
NASA is asking S463.S million. 

Best-known and most costly of the 
scientific (light programs are the lunar, 
planetary and interplanetary missions. 
These include the Ranger, Surveyor, 
Mariner and Pioneer programs. 

Ranger and Surveyor, highly auto- 
mated television-equipped spacecraft 
for study of the lunar surface, were ori- 


ginally planned as basically scientific 
efforts. But with the emphasis on 
manned flight. Ranger and Surveyor arc- 
now described by NASA as scientific 
programs which will support Apollo 
manned flights to the moon, 

NASA has spent well over SI 00 mil- 
lion on the Ranger program but of the 
five flights so far, none was successful. 

The first two Ranger flights, in 1961. 
were tests of the spacecraft. The flight 
plans called for the spacecraft to 
be sent on 600,000-mi. elliptical flights 
which would take them into deep space 


Effort Grows 

but not near the moon. Purpose of 
these long flights was to give the space- 
craft attitude control system a long 
workout and to test the communication 
and command capability of deep space 
tracking facilities. In both flights the 
Agena stage on the Atlas Agena B 
launch vehicle failed to kick the space- 
craft out of the parking orbit. 

Rangers 5, 4 and 5 were launched in 
1962. Each carried a television cam- 
era, seismometer and gamma ray spec- 
trometer. The camera was to televise 
more than 1 00 pictures of the lunar sur- 
face to earth as the spacecraft ap- 
proached the moon, the spectrometer 
was to give some clue as to the chemi- 
cal makeup of the moon's surface, and 
the survivable seismometer an indica- 
tion of the moon's interior structure. 

In the Ranger 5 flight, excess velocity- 
imparted by the launch vehicle caused 
the spacecraft to pass ahead of the 
moon. Atlas Agena performance was 
good on both Rangers 4 and 5, but 
troubles developed in the spacecraft. 
In the Ranger 4 flight, the spacecraft 
was injected on its lunar trajectory- so 
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MARINER 2 package (top, left) successfully transmitted data during a Venus flyby. Britain’s first satellite, Ariel 1 (bottom, left), was 
placed in orbit by NASA last year. Republic re-entry body (right) will be used in Project Fire tests. 


But Failures Beset Lunar Missions 


accurately that it impacted the moon 
without a midcoursc correction but 
failed to transmit pictures. Because 
of a failure in the power system on the 
Ranger 5, midcourse corrections could 
not be sent to the spacecraft and it 
missed the moon by about 450 mi. 

As a culmination of various failures. 
Ranger 5 brought an investigation of 
the program. Management of Ranger 
at the Jet Propulsion Laboratory, which 
has responsibility for NASA's lunar 
and planetary programs, was changed. 
It was also decided to subject Ranger 6 
to extensive systems analysis and ground 
testing to destruction at JPL and. as a 
result, scheduling of Ranger flights this 
year is undergoing revision. 

Ranger spacecraft have been built at 
the Jet Propulsion Laboratory, Pasa- 
dena, Calif., but an industry contractor 
is expected for future spacecraft, pos- 
sibly beginning with Ranger 7 (AW 
Feb. 25, p. 39). 

Ranger program costs, which include 
personnel and operation of facilities, 
were S64.1 million in Fiscal 1962, 
$79.8 million in Fiscal 1963 and will 


be about S91 million in Fiscal 1964. 

A major factor in the Surveyor pro- 
gram, which contemplates both soft 
lunar landings and lunar orbiters, and 
the Mariner Mars mission in 1965 is 
development of the Centaur rocket. 
Centaur uses Atlas as the first stage and 
a 30,000-lb. thrust hydrogen-oxygen- 
propellant upper stage. 

In the first Centaur flight on May 8. 
1962, a structural failure in the Centaur 
stage caused an explosion 54 sec. after 
launch. Extensive testing and evalua- 
tion are now under way and another 
test flight is scheduled about mid-year. 
At best, Centaur won't be ready for 
operational flights until late 1964 or 
earlv 1965. 

If the next few Centaur test flights 
go well, NASA will push ahead with 
plans to use it as the booster for Sur- 
veyor. If development problems aren't 
solved soon, the space agency probably 
will start looking at Titan 2 and Saturn 
as replacements. A change in launch 
vehicles could cause further delays in 
the first Surveyor flights, originally 
scheduled for 1963 and now for 1964. 


Surveyor, being developed and built 
by the Hughes Aircraft Co., will serve 
as a remote observation post for study- 
ing the lunar topography and examining 
the texture of the moon's surface. It 
will also function as a stationary labora- 
tory for measuring the physical and 
chemical characteristics of the lunar 
surface and subsurface. 

Equipment which will perform these 
tasks includes high resolution television 
cameras, drills, microscopes, an X-ray 
speetograph. X-ray diffractometer and 
gas chromatograph, a seismograph sys- 
tem, a magnetometer, a plasma probe, 
and radiation detectors. Not all of 
these instruments will be carried on 
each Surveyor. They represent the kinds 
of instruments NASA hopes to land 
on the moon durins the Surveyor soft- 
landing flight scries. 

Surveyor received S39.6 million in 
Fiscal 1962, S62.6 million in 1963 and 
the budget request for Fiscal 1964 is 
S98.7 million. 

First successful flight in NASA's 
lanetarv program was that of Mariner 
, launched on Aug. 27, 1962, from 
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If you’re sealing cryogenic "plumbing", the likely answer had 
better be yes. Because the drop from ambient to cryogenic 
temps can be lightning fast, approach 400° F, when you turn 
the system on. Sure way to make seals hold tight, not shrink 
away and leak, is to make them of KEL-F’ 81 Brand plastic. 

KEL-F 81 Plastic provides the lowest coefficient of thermal 
expansion of any pure plastic to minimize dimensional change 
caused by temperature change. Contraction rate is nearly as 
low as aluminum, comes closer than any plastic to the con- 
traction rates of other metals used in cryogenic applications. 


What's more, KEL-F 81 Plastic retains resiliency, slays 
stronger than other fluorocarbon plastics at cryogenic temps. 
It's insensitive to LOX, offers the lowest permeability of any 
plastic to moisture, vapor, chemicals, and frequently permits 
thinner seal sections. It performs from +400 down to — 400°F, 
in some cases nearly as low as absolute zero, — 460°F. For 
details on these and other properties of KEL-F 81 Plastic use- 
ful in a variety of applications, contact any of the processors 
below or any 3M Chemical Division branch office. Or write 
3M Company, Dept. KAW-33, St. Paul 19, Minnesota. 
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Cape Canaveral on an Atlas Agcna. 
The 447-lb. spacecraft, aimed at a point 
10.000 mi. from the surface of Venus, 
flew by the planet on Dec. 14 at a dis- 
tance of 21.494 mi. 

Flight of Mariner 2 confirmed earlier 
data gathered on magnetic fields and 
energetic particles in interplanetary 
space and sent back to earth informa- 
tion on the magnetic field in the vi- 
cinity of Venus and on the tempera- 
ture of the atmosphere and surface of 
the planet. The magnetometer on Mar- 
iner indicated there is no magnetic field 
or only a very weak one. 

Data from the radiometers aboard 
Mariner 2 indicate a uniform surface 
temperature of 800F on both the sun- 
lit and dark sides of Venus. The ra- 
diometer experimenters also report that 
the atmosphere which veils the planet 
is 17-mi. thick, consists of condensed 
hydrocarbons, and ranges in tempera- 
ture from 200F at the base to — 65F 

Following the flight of Mariner 2, 
NASA announced it would pass up the 
next opportunity for a Venus mission 
in March, 1964, and concentrate on 
Mars flight in the fall of 1964. 

Primary purpose of the Mars mission 
is to determine whether there is life on 
Mars. Experiments under consideration 
for the 1964 mission include an optical 
system for taking and transmitting pic- 
tures of the Martian terrain, an ultra- 
violet spectroscope, an infrared spec- 
trometer and a magnetometer. 

Later Centaur-launched missions 
probably will carrv a much larger space- 
craft of about 1.300 lb. with an eject- 
able landing capsule. The capsule 
would carry pressure-accelerometer in- 
strumentation, experiments to deter- 
mine the nature of the atmosphere and 
instruments to detect life directly. 

Mariner costs were S49 million in 
Fiscal 1962, S58 million in Fiscal 1963 
and SI 02 million is being requested 
for Fiscal 1964. 

NASA is asking Congress for SI 5.7 
million m Fiscal 1964 to build and fly 
a series of 120-lb. spacecraft on long 
interplanetary missions beginning in 
late 1 964. The program would continue 
the kind of interplanetary investigations 
made with Pioneer 5 and some of the 
Explorer flights. 

New Pioneer program calls for flights 
every six months. Spacecraft will be 
injected with energy just above that 
required for escape from the earth in a 
trajectory that will provide a separation 
of 30,000,000 mi. between the earth 
and spacecraft six months after launch. 
Spacecraft will be flown in toward the 
sun and in trajectories away from sun. 

Pioneers will carry instruments to 
gather information on solar flares, mag- 
netic fields, energetic particles and cos- 
mic dust. The NASA Ames Research 
Center, which will manage the pro- 


NASA Accelerates Bioscience Program 

Bioscicncc and human factors programs of the National Aeronautics and Space 
Administration arc finally getting off the ground after more than font years of talk, 
planning, political buffeting and inaction. 

NASA is requesting S41.3 million for bioscicnce programs in Fiscal 1964. 10 
times as nincli as that sought in Fiscal 1962. The request contains S24.4 million 
for a biosatcllitc flight program, S10.8 million for supporting research and tech- 
nology, and $6.1 for personnel and operation of installations. Biosatcllitc flight 
program breakdown shows S11.7 million for the spacecraft and $12.7 million for 
launch vehicles, proposed on use of the Atlas Agena B. The Ames Research Center 
is field manager of the program. 

NASA’s budget proposal specifies that the spacecraft will be stabilized and have 
rctrofirc capability for positioned re-entry. Tire life support system will include 
a life cell, an environmental control system, biomedical instrumentation, telemetry 
equipment and a two-gas. sea level atmosphere. 

In addition, the life support system will be designed to support a variety of 
experimental subjects and will have the capacity to support several monkeys in orbit 
for periods of about two weeks. 

Since the first biosatcllite flight is not scheduled until late 1964. there is some 
question of the program’s value. By the time the biosatcllitc is launched, NASA 
expects to have orbited two men for two weeks or more. 

Funding of university studies and development of experiments for Mariner Mars 
flights in fall of 1964 and in 1965 is included in the exobiology program. The Mars 
flight in 1964 will not have an cjectable landing capsule. NASA hopes to fly a larger 
Mariner spacecraft on a Centaur launch vehicle in 1965 and this Mariner B space- 
craft would earn 1 an cjectable capsule carrying life-detecting experiments. 

Until last year, when Dr. Eugene B. Konecci joined NASA as director of biotech- 
nology and human research, the human factors program was progressing at about 
the same rate as bioscience activity. He and his associates moved quickly, determined 
to proceed with hardware development. 

Budget for human factors in Fiscal 1964 totals S24.3 million, compared to $14 
million in Fiscal 1963 and $4.9 million in Fiscal 1962. Of the $24.3 million for 
Fiscal 1964. $6.8 million is for life support systems. $5.6 million for man-machine 
integration. S4.9 million for human research and performance. $900,000 for advanced 
concepts, and $6.1 million for personnel and operational costs. 

One of the most important programs in the human factors area is development 
of long duration life support systems for manned space stations and planetary flights. 
First of a series of contracts for these life support systems (AW Jan. 14, p. 28) has 
been awarded to the Boeing Co. Tire contract is for development and demonstration 
of a system which will support five men for 30-60 days. 

Proposals on a life support system that would sustain a four-man crew 6-12 months 
arc now being evaluated by NASA. Other contracts will be let this year for develop- 
ment of breadboard systems designed to support crews for 3-6 months and for a I 
year or more. Other areas the human factors group plans to push ahead include: 

• Development of biological fuel cell systems and psychophysiological monitoring sys- 
tems. The fuel cell will convert human wastes into power and the psychophysio- 
logical monitoring will be used for selecting and checking ground and flight crews. 

• Improvement of space units. 

• Fundamental studies of the heart and blood circulation to gather information 
needed for monitoring and understanding man's survival and performance in space. 

• Isolation and confinement studies. 

• Effects of various concentrations of oxygen and nitrogen at different pressures. 

• Continuation of studies on pilot operation in planetary and rendezvous missions, 
using simulators at the Langley and Ames Research Centers. 

• Development of closed ecological life support systems with a photosynthetic gas 
exchanger, under way at the University of Minnesota under a contract with Ames. 

NASA is asking for a total of S21.8 million for space medicine in support of the 
current manned flight program. Breakdown of this request includes $8.1 million 
for experimental studies, $3.9 million for crew systems. $3.1 million for biomedical 
in-flight experiments, and $1.5 million for medical operations. 

Detailed explanation of the space medicine program in the Office of Manned 
Space Flight is only three pages long-one of the shortest justifications in the entire 
four volume budget. 

Much of this money will go into development of systems which are part of the 
Gemini and Apollo spacecraft. Funds for medical operations include such items as 
frequent examination of astronauts, maintaining medical staffs at Houston and Cape 
Canaveral, and funding of the large medical operation required around the world 
on Gemini flights. 
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can pump wear be stopped ? 
can valve erosion be eliminated ? 

yes! 


Costly wear in pumps, valves and other hydraulic, fuel and lube system parts is not inevitable. Even though 
wear is still unavoidable during break-in while rough edges are being worn down, there is no need for it to 
continue merely because the metal surfaces slide over each other. 

New studies by PALL and scientists at leading aerospace and industrial facilities have proven that the cause 
for continued wear is extremely fine contaminants circulating in the fluid. Too small to be seen by the naked 
eye, these less than 5-micron (0.0002") diameter particles act as a lapping compound and grind away at the 
surfaces by getting between the moving parts. 

Naturally, these ultra-fine particles pass right thru the 10-micron nominal (absolute 25-micron) filters used in 
most systems. Most of them even go thru the nominal 1.5-micron (absolute 15-micron) filters found in a few 
of the latest systems. While these filters prevent passage of the large particles that might cause a catastrophic 
failure, they do little to control the wear caused by less than 5-micron contaminants. 

Now there is an exclusive 3-micron absolute filter developed to continuously remove “lapping” size range 
particles, reducing wear and erosion to a negligible amount. Based on an epoxy impregnated and coated paper 
filter medium called ULTIPOR.9, these disposable and relatively inexpensive filters are available for a wide 
range of system requirements. 


PALL 3-MICRON 
ABSOLUTE FILTERS 

Sized to AN6235-4A (1%" dia. x 41 / 2 " 
long). Both 2-stage & 1-stage filters fit 
into a standard MS28720-12 housing. 
Absolute 3-micron particle removal per 
MIL-F27656A (USAF). Absolute 1-micron 
rating using standard APM-F-9 glass 
beads. Available off-the-shelf, with or 
without housing. Zero media migration. 
■ Disposable. Low cost. 

Send lor complete technical literature today. 


AIRCRAFT POROUS MEDIA, me. 

A SUBSIDIARY OF PALL CORPORATION 


GLEN COVE, L. I.. N. Y. • (516) OR 1 4000 • TWX: 516 671 6272 • WU TELEX: 01 26329 
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1963 NASA Launch Schedule 




Payload 

Wl. (lb.) 

Scientific Satellites: 


S-52 International (UK). 
Geophysical Ob».r*olory. 

Delta (2 launchei) 300 

Seoul 12 launches) 1,000-230 

Delta 12 launches) 172,000-126 

Allot AgcnoB 69,000-170 

440 

Communications Satellites: 


Delia 13 


e'1‘^2 

^A^oT' ' baCkUPl ''“o' 600 

«o 

Weather Satellites: 

Nimbu. 

ThtwAgeno 8 500 | 600 

Materials Technology: 

Reentry Seoul (2 launches) Ballistic | 360 

Manned Flight: 

Mercury Allo.-9 

Allot 100-150 3,100 

Manned Flight Development: 


Apollo^ Boilerplate 

|1 with Apollo Boilerplate) 

Utile Joe 2 12 launches) Bollltlie 

»:» 

Other: 

Electric Engine (SERT) 

rriH”*"’ 1 .Hi’, 

8.500 ib. 


gram, will hold an industry competition 
tor construction of the spacecraft. 

Emphasis in the Pioneer series will 
be on simplicity and reliability. Unlike 
the Mariner and Ranger spacecraft, 
which have rather complex attitude 
control systems. Pioneer will be spin- 
stabilized. One purpose of the program 
is to insure a relatively high percentage 
of successful flights into interplanetary 
space as a hedge against a high failure 
rate for the more complicated Ranger. 
Surveyor and Mariner spacecraft. 

Exploration of the earth's environ- 
ment-probing properties of the iono- 
sphere. atmosphere, magnetic field, radi- 
ation belts, gravitational field and struc- 
ture of the earth itself— falls into the 
classification of geophysics and is con- 


ducted through experiments flown on 
sounding rockets. Explorer satellites, 
monitoring probes and the large ob- 
servatory satellites. 

Explorer satellites, which weigh about 
100 lb., are flown on Scout and Thor 
Delta rockets. Seven of these earth 
satellites are to be launched in 196?. 
Cost of these flights will be about S20 
million, comparable to expenditure last 

Launch of about 80 sounding rockets 
or geoprobes in 196?, most of them 
from NASA’s Wallops Island, Va., 
launch facility, will cost about SI 9.6 
million. Rockets used in these flights 
arc the Nike Cajun, Nike Apache. Aero- 
bee. Javelin and Journeyman. 

First of the Orbiting Geophysical 



GOOD REASON FOR 
ACRADRIVE/22 
hydraulic servo motor. 

More good reasons 
Speed 560 to 1 /60, 000 rpm 
I Torque 3.52 in. Ib./psi 
Response 250 cps 
I Acceleration 40,000 
radians per sec 2 
For more details, write for 
[ Publication M-2281B. 

| ■ Cimtrol Division, The 
Cincinnati Milling Machine 
Company, Cincinnati 9, Ohio. 
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Observatories, being developed for the 
NASA Goddard Space Flight Center 
by Space Technology Laboratories, is 
scheduled to fly this year. The geo- 
physical laboratory, which will weigh 
1 ,000 lb., is to be launched on an Atlas 
Agena into a highly eccentric orbit pass- 
ing through the earth's natural radia- 
tion belts. Twenty experiments have 
been chosen for this mission to study 
solar and galactic radiation. Van Allen 
belt radiation, the earth’s magnetic field, 
the ionosphere, upper atmosphere, mi- 
crometeoroids and radio noise associ- 
ated with the galaxy. 

Second geophysical observatory is 


scheduled to be launched on a polar 
orbit in 1964. A Thor Agena rocket 
will be used for this launch and the 
flight will Ire programed to take the 
satellite over the polar regions at low 
altitude to obtain data on the atmos- 
phere and ionosphere. NASA proposes 
to continue geophysical observatory 
flights through a complete 11 -year solar 
cycle. Cost of the geophysical labora- 
tory program in Fiscal 1964 will be 
about $62 million. 

NASA also plans a series of geodetic 
satellite launches, with the first launch 
scheduled in 1964. To carry out this 
program, which the agency took over 



General Electric has the 
right tungsten for you 

General Electric produces tungsten in sheet, plates, billets, and pre- 
forms to fit almost every current approach to rocket nozzle design. 
This wide range of forms enables you to take advantage of the high 
melting point (6170°F) of this unique refractory metal. 

1. FORGING/MACHINING— G.E. makes solid billets up to 9" in 
diameter and preforms with an O.D. as large as 12". You can forge 
these into high integrity, worked structure pieces, ready for machining. 

2. DIRECT MACHINING— If you don’t require a worked structure, 
direct machining from G-E pressed and sintered billets or preforms 
may be your answer. 


3. SPINNING— G-E tungsten sheet and plate of reproducible high 
quality is available for shear spinning or conventional spinning. Plate 
is available in thicknesses of H" and larger, and widths up to 2 feet. 


For more information, call or write General Electric Co., Lamp 
Metals and Components Dept. AW-23, 21800 Tungsten Road, 
Cleveland 17, Ohio. / 

Tfogress Is Our Most Important Product * I J" 


GENERAL 


ELECTRIC 


from the Defense Department, NASA 
is asking $6.2 million in Fiscal 1964. 

First Orbiting Solar Observatory, 
OSO 1, was launched last April and 
returned much information on solar ac- 
tivity. The spacecraft, built by Ball 
Brothers Research Laboratory, Boulder, 
Colo., did not have the capability to 
relate fluctuations in the solar spectrum 
to particular sunspots or other activity 
on the sun but OSO 2, to be launched 
during the first half of 1963, will be 
able to accomplish this objective. Tire 
spacecraft also will carry an occulting 
disc for obscuring the main body of the 
sun from the instruments' field of view 
so that studies can be made of the 
sun’s corona or outer atmosphere. 

Additional flights are planned with 
OSO type spacecraft at six-month in- 
tervals. Estimated spacecraft, booster 
and personnel costs for Fiscal 1964 total 
$20.6 million. 

First of the Orbiting Astronomical 
Observatories is scheduled to be 
launched in 1965. The 3,600-lb., 10-ft. 
diameter spacecraft, built by the Grum- 
man Aircraft Engineering Corp., will 
be launched on an Atlas Agena space- 
craft. The first OAO will have a coarse 
control system capable of pointing the 
spacecraft in any desired direction with 
an accuracy of one minute of arc. Sub- 
sequent spacecraft will have the capa- 
bility of pointing within one second 

First OAO will carry two major ex- 
periments, one pointing from each end 
of the spacecraft. The Smithsonian 
Astrophysical Observatory is preparing 
an experiment which will use four 12-in. 
telescopes with a broad-band television 
ultraviolet photometer to map the sky 
and record the brightness of 200,00i) 
stars. 

The University of Wisconsin is pre- 
paring the other major experiment, 
which will use four 8-in. telescopes, a 
16-in. telescope, and two spectrometers 
to gather information on the structure 
and properties of several hundred of 
the brightest stars and nebulae. 

Second OAO, to be launched in 
1965, will carry a 36-in. Cassegrain tele- 
scope with a large aperture spectropho- 
tometer. The telescope will be focused 
on several thousand selected stars and 
nebulae to provide detailed data on 
temperature, pressure, density and 
chemical composition. Third OAO. to 
be launched in 1966, will carry a Prince- 
ton University experiment package de- 
signed to gather information on the 
chemical composition of interstellar gas 
and dust, its temperature, state of ioni- 
zation. velocity, position and relative 
proportion in interstellar space. 

About $1 38 million will be spent or 
appropriated for the Orbiting Astro- 
nomical Observatory program in the 
three-vear period ending with Fiscal 
1964.' 


130 


AVIATION WEEK & SPACE TECHNOLOGY, Morch 11, 1963 


• SPACE TECHNOLOGY 


Of the $463.8 million requested for 
advanced research and technology in 
Fiscal 1964, $111.4 million is toi de- 
velopment of advanced space vehicle 
systems. Proposed program includes 
studies on spacecraft aerothermodynam- 
ics, spacecraft loads and structures, 
space vehicle environmental factors, 
launch vehicle loads and structures, and 
space vehicle design criteria. 

During Fiscal 1964, emphasis will 
be placed on research into heating ef- 
fects of flights up to the 45,000-fps. 
velocities expected on return from in- 
terplanetary missions. 

A number of re-entry flight tests from 
Wallops Island, Va., and Cape Canav- 
eral, Fla., are scheduled this year. The 
Scout rocket will be used in the Wal- 
lops launches and Atlas will be the 
booster for Project Fire tests from the 
Cape. In the latter. Atlas will launch 
a blunt shaped re-entry vehicle on an 
ICBM trajectory. In the re-entry ve- 
hicle, an Antarcs solid rocket will fire 
downward, bringing the re-entry ve- 
locity to 37.000 fps.-to the level of 
Apollo re-entry velocities. 

One or more Scout-launched meteor- 
oid satellites will be flown this year and 
in 1964 and a 4,000-11}. umbrella or 
wing-like structure will be boosted into 
orbit by Saturn to determine the prob- 
ability of meteoroid impacts. 

Budget request for advanced guid- 
ance and control, tracking, communi- 
cations, instrumentation and data han- 
dling systems is $54.5 million. Fiscal 
1964 funding will be used to continue 
research on superconductive magnetic 
and electrostatic gyros and accelerom- 
eters, laser-type guidance sensors and 
development of techniques to permit 
use of lasers in communications. 

Biggest single item in the research 
budget is $118.9 million for nuclear 
rocket development. This program is 
conducted jointly by NASA and the 
Atomic Energy Commission and in- 
cludes three major projects: 

• Kiwi, development and testing of a 
hydrogen-cooled breadboard nuclear rc- 

• Nerva, development and flight testing 
of a nuclear rocket engine. 

• Rift, design, development and flight 
test of a Nerva-powercd stage for 
launch by Saturn. 

Although the next firing in the Kiwi 
program is indefinite because of prob- 
lems in the reactor core, NASA is still 
maintaining that the first static test of 
the Nerva engine will be in 1965. Nerva 
is being developed by Aerojet-General 
and Westinghousc. 

Funds requested for research on 
chemical propulsion processes total S3 5 
million. Study areas include high en- 
ergy engines using a fluorine-hydrogen 
fuel, work on high expansion ratio noz- 
zles, better chamber and nozzle mate- 
rials, improved pump and valve systems. 


higher specific impulse solid rocket fuels, 
livbrid chemical-solid fueled rockets. 

Budget request for nuclear-electric 
propulsion and power sources is $35.5 
million, compared to $28 million in 
Fiscal 1963. 

NASA’s research program in nuclear- 
electric power and propulsion will con- 
tinue work on ion engines and the 
Snap-8 power system. Snap-8 is being 
designed to provide a minimum of 35 
kw. for 10,000 hr. or more. Ion and 
colloid thrustor engines under develop- 
ment produce thrusts ranging from 0.1 
lb. to 10 lb. at specific impulses of 3,500 
to 10,000 sec. or greater. 


Other work on advanced propulsion 
systems includes development of elec- 
trothermal engines and plasma acceler- 
ation engines. Mission analysis studies 
will be undertaken this year to deter- 
mine the requirements for electric pro- 
pulsion systems and payload capability 
of early and advanced spacecraft pow- 
ered by such engines. 

Funding asked for aeronautical re- 
search in Fiscal 1964 totals $45.1 mil- 
lion. 

The principal items arc for continued 
work on vertical or short take-off and 
landing aircraft and on supersonic trans- 
ports and hypersonic aircraft. 



Standard VECO Thermistors are temperature sensors . . . wide 
range— less than -183“C to more than 300°C— versatile and sensi- 
tive to micro degrees. That’s why scientists and engineers come to 
VECO with any temperature measurement problem — whether 
it involves brain cells, components on Telstar or simple meter 
compensation. 



CIRCUITRY GAS ANALYSIS ROW METERING AEftO/SPACt 


VECO has in stock a complete line of disc, rod, washer and bead 
thermistors of highest quality, very competitively priced. For 
quantity quotations, design assistance and information on VECO 
Thermistors for temperature measurement, write: 

VICTORY ENGINEERING CORPORATION 

v’ 1 22 A Springfield Avenue, Springfield, New Jersey 
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Vostoks, Cosmos Build Soviet Space Gains 


By Evert Clark 

Soviet Russia's 10-to-l lead over the U. S. in manned space flight experience 
may be widened even further in 1963 as a result of the highly successful group 
flight of Vostoks 3 and 4 and the intensive Cosmos scientific satellite program. 

In spite of the great expansion of the U. S. manned program since the first 
Vostok flew two years ago, Russia is in a position to exploit its lead in time 
and booster power for many months before the U. S. can begin to explore the 
techniques of rendezvous and multiman flight that are essential to lunar and 
planetary landings. 


Russia has just completed by far its 
most active year of space launchings— 
12 successful Cosmos shots fired at 
an average rate of one every three 
weeks; a successful Mars probe; the 
Vostok group flight, and apparently at 
least five failures in attempts to launch 
probes to Venus and Mars. 

Discounting the known and con- 
cealed failures. Russia’s rate of success- 
ful launchings in 1962 was more than 
double that of the previous most active 
year— 1961— and far ahead of any earlier 
year. In 1960, Russia launched three 
test versions of the Vostok but with 
only one success. In 1939, she launched 
three lunar rockets; in 1958. only 


Sputnik 3, and in 1937. Sputniks 1 and 

What the next step will be in the 
Soviet manned space flight program is 
difficult to predict. The group flight of 
Vostoks 3 and 4 caught most Western 
observers by surprise. Multimanncd 
flight was considered a good possibility, 
but a practice rendezvous with pre- 
cisely matching orbits was not. 

There are indications in Soviet dis- 
cussion of this flight that more group 
flights, possibly involving more than 
two vehicles, are planned. One exten- 
sive review of the goals and results of 
the first group flight listed as a major 
scientific and technical achievement 


the perfecting of "the system of terres- 
trial means for controlling several space- 
ships simultaneously in flight in orbits 
close to one another.” 

Almost all Soviet discussions of 
manned flight to the moon and planets 
indicate that the manned vehicle 
would be launched from an earth orbit 
after rendezvous and assembly had been 
accomplished there. Since the U. S. 
decision to concentrate on lunar orbit 
rendezvous rather than rendezvous in 
an orbit around the earth, articles by 
Soviet scientists and engineers have 
also discussed this method as a pos- 

In any case, rendezvous is a key step. 
And Russia began to probe the human 
and mechanical depths of it at least 18- 
24 months before the U. S. was likely 
to begin. 

Significance of manned flight in 
space can not be measured in terms of 
flight hours alone, but the number of 
hours of experience compiled is a use- 
ful yardstick from the standpoint of 
judging man's ability to withstand the 
combined stresses of prolonged flight, 
his ability to work under these condi- 
tions. the useful lifetime of the space- 
ship, and the integration of the ground 
control and airborne elements of the 

In this area, the Soviet lead is con- 
siderable. regardless of whether it is 
more or less than the 10-to-l ratio of 
hours in flight. With Yuri Gagarin’s 
flight of 1 orbit, Gherman Titov's 17- 
orbit flight, Andrian Nikolavcv's 64-orbit 
flight and Pavel Popovich's 48-orbit 
flight. Soviet cosmonauts have amassed 
192 hr. 06 min. of flight in space. This 
is in contrast to 19 hr. 06 min. piled 
up by the United States in two sub- 
orbital ballistic flights by Alan B. 
Shepard and Virgil I. Grissom, the 3- 
orbit flights by John H. Glenn and 
Scott Carpenter, and Walter M. Schir- 
ra's 6-orbit flight. 

Since both Soviet and U. S. launch- 
ing crews have long ago demonstrated 
the ability to handle complex, time- 
limited countdowns and precise trajec- 
tory control, it is perhaps the bio- 
medical area of space flight that bene- 
fits most from prolonged flights. 
Biomedical interest is in whether a 
man can survive and perform in space 
and for how long. This also is the key 
to all manned missions in space, both 
military and civilian. 

Maj. Gherman Titov's 25-hr. flight 
in August. 1961 -the longest until that 
time by a factor of five— gave Russia 
and the U. S. some concern that 
prolonged weightlessness might pro- 
duce effects that did not reveal them- 
selves in a shorter flight. Titov's trouble 
with his vestibular mechanism caused 


West Europe Spurs Space Programs 

Multi-lateral programs designed to give Western Europe a substantial role ill space 
research arc expected to take definite organizational form this year. First steps leading 
toward the launching of European-developed satellites also should be made during 
1963. 

Officials of the seven-nation European Launch Development Organization (ELDO). 
which has the initial task of developing a three-stage satellite boost system, hope to 
obhiin parliamentary ratifications of its treaty in time to begin integrated operations 
during the second half of the vear. 

Eleven-nation European Space Research Organization (ESRO). concerned pri- 
marilv with development of satellites and satellite pavtoads. also requires parliamen- 
tary ratification and officials anticipate that this approval will be obtained before the 
end of the year. 

Meanwhile, working through an interim organizational committee. ESRO plans 
to begin operations this fall with the firing of two French-built Slid Ccntaurc 
research rockets from the Italian launch site in Sardinia. Britain also is expected 
to provide four Skylark research rockets, two for firing and two as backups, for 
similar experiments this fall. 

Under present planning, first ESRO-develnpcd satellite will be launched bv an 
ELDO booster in 1967. 

Within ELDO. Britain will provide an uprated Blue Streak intermediate-range 
ballistic missile as the first stage, with France supplying the second stage and West 
Germany the third. Other members and their roles are: 

• Australia will make available its Woomcra range complex for test and satellite 
launches. First Woomcra Blue Streak test is scheduled for the near future. 

• Belgium will be responsible for the guidance system. 

• Holland will direct development of the long-range telemetry units required. 

• Italy will build dummy payloads for the test vehicles pins an initial scries of satel- 
lite test systems. 

ELDO also is planning to develop an advanced scries of booster units as successors 
to the Bine Streak. These probably will be used to launch some of the later satellites 
envisioned in ESRO’s cight-vcar program, although there arc no formal agreements 
binding the two agencies to one another, pnmanlv because national memberships 
in the two are not identical. 

Anticipated ESRO members are Belgium. Denmark. France. West Germany, Italy. 
The Netherlands. Norway. Spain. Sweden, Switzerland and Britain. 
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changes in Russia's methods of training 
and selecting cosmonauts and dictated 
several of the biomedical experiments 
performed in the Nikolayev-Popovich 
flight (AW Aug. 20, p. 26; Aug. 27, p. 
56). 

The Vostok 3 and 4 flight elimi- 
nated this concern, judging by Soviet 
reports. Accounts published in Russia 
some time after the flight said that: 

"The general state and the basic 
physiological functions of the astro- 
nauts remained within normal limits 
during the whole flight. Thus it has 
been established that in the conditions 
of space flight lasting for about 100 hr., 
a physically healthy man who has gone 
through the necessarv training is capa- 
ble of withstanding the state of weight- 
lessness quite satisfactorily. The state 
of weightlessness does not. when there 
is a settled routine, cause any noticea- 
ble changes in the 24-hr. physiological 
cycle in the bodies of the astronauts,” 

Since working capacity "remained at 
the necessary level at all stages of the 
flight," according to the Soviet ac- 
count, "it can be assumed that flights 
lasting several hundred hours will also 
be possible for astronauts after the 
necessarv’ training." 

As the Russians arc fond of pointing 
out. the time and distance of Niko- 
lavcv's flight were enough to cover a 
circumlunar flight. All Vostoks so far 
have carried life support capability tor 
a 10-day flight, the Russians say. 

In spite of the surprise that the 


Nikolayev-Popovich flight brought to 
the West, less is reallv known about 
the Cosmos satellite scries than about 
Soviet manned space flight. Some 
Western observers believe that, what- 
ever the lesser goals of this series may 
be. its primary mission is to serve the 
cause of manned exploration of space. 
These observers see all of the Soviet 
space program so far as a carefully 
planned, skillfully executed effort with 
a single purpose— manned flight to the 
moon and later to the planets. 

Mstislav Keldysh, president of the 
USSR Academy of Sciences, said in the 
publication Soviet Weekly last October 
that manned flight to other planets is 
"the most important prospect facing 
Soviet space explorations." 

The 0. S. space program originally 
was sold to Congress and the public 
as much on the basis of scientific ex- 
ploration as on the basis of manned 
space flight. The Eisenhower Adminis- 
tration, in fact, made no provision for 
the extension of manned space flight 
beyond the Mercury project in the last 
budget it prepared before leaving office. 

Since the Kennedy Administration 
took office, however, the manned pro- 
gram has dominated not only the dol- 
lars-as it did even under Eisenhower— 
but has begun to force some subordina- 
tion of the scientific program to the 
direct support of manned space flight. 

Keldysh listed these other major ob- 
jectives of the Soviet space program: 

• Dispatch of scientific instruments to 


Solution 
to a 

problem: 



This is typical of the problems Atlas 
solved when we perfected a complete 
line of miniature, squib-activated 
switches. Used today in a variety of 
applications in space vehicles, missiles, 
rockets and test sleds, they replace 
larger, heavier, more-complicated re- 
lays and breakers. 

Basic Reliability is truly unmatched be- 
cause they operate on a simple prin- 
ciple of nature. No electronic circuits 
to fail. Send for technical literature 
giving complete data and specifications 
on the entire line of Atlas squib-acti- 
vated switches, igniters, and actuators 
. . . products of Atlas electro-chemi- 
mechanical research. 


mTLAS 

CHEMICAL INDUSTRIES, INC. 
Aerospace Components Div. 
Wilmington 99, Delaware 
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tlic surface of the moon and the 
planets. 

• Establishment on the moon and 
planets of "long-operating scientific 
stations." Russia has not admitted 
launching any payloads to the moon 
since late 1959, and none of its at- 
tempted or successful Mars and Venus 
) robes has appeared to be designed to 
and on the surface. 

• Orbiting of optical telescopes. 

• Drawing of star maps in different 
legions of the spectrum. 

• Solar photography in X-rays. 

Keldysh said the program was linked 

to the coming period of relative 
'quietness" in solar activity in 1964 and 


1965. lie said he expected global 
weather forecasting, intercontinental 
television and world-wide radio com- 
munications to be the practical fruits 
of the Soviet space program. 

There is a possibility that the 
Cosmos satellites are multipurpose 
vehicles aimed at basic scientific ex- 
ploration. at development of compo- 
nents for meteorological, communica- 
tion, navigation, and even surveillance 
and warning satellites, and also func- 
tioning as testbeds for new materials, 
components and techniques for the 
manned space flight program. 

Military implications of the Cosmos 
vehicles may be of Some importance. 





instant 

space 


Top Russian officials, including Chair- 
man Nikita Khrushchev, began to talk 
of “global rockets” last Mar. 16, the 
day that the first Cosmos was launched. 
They claimed that Russia no longer 
needed to launch rockets over the 
North Pole to hit the U. S., and said 
that guarding the approaches from the 
North was no longer sufficient protec- 
tion for this country. The U. S. has 
since revealed it would strengthen its 
early warning network coverage to the 
South. 

Late last month, Soviet Marshall S. 
S. Biryuzov. commander of strategic 
rocket forces, claimed that rockets 
could be launched from satellites by 
ground command "at any desirable 
time and at any point of the satellite's 
trajectory.” This kind of capability has 
been demonstrated by the launching of 
a Venus probe from an orbiting vehicle 
and more directly by the ground-con- 
trolled return of Vostoks, the “space- 
ship satellite" test vehicles that pre- 
ceded them, and by the return of 
several Cosmos satellites. 

U. S. military planners have spon- 
sored industry studies of the “bombs- 
from-orbit" technique but Defense De- 
partment has generally held the view 
that this is an unnecessarily expensive 
way to deliver a warhead, when a bal- 
listic missile of sufficient range can put 
a warhead on any target on the globe, 
probably with greater accuracy. 

Physicist N. V. Pushkov, director ot 
the Institute of Terrestrial Magnetism, 
the Ionosphere and Propagation of 
Radio Waves, said just after the 
launching of Cosmos 1 that the pro- 
gram for the scries "includes both 
theoretical and practical problems." ac- 
cording to Moskovskava Provda. Russia 
announced a number of areas of geo- 
physical investigation assigned to the 
Cosmos vehicles that roughly resem- 
bled the goals of its intensive upper 
air rocket research program, conducted 
since 1949 but not publicized until 
1956. Other references have indicated 
that living organisms may be among 
the Cosmos payloads. 

Secrecy surrounding the missions 
and weights of the Cosmos satellites 
may have particular significance, or 
may be nothing more than retaliation 
for the secrecy imposed by the U. S. 
on the Discoverer. Midas and Samos 
launchings, beginning in the fall of 
1961. 

When the Cosmos launchings began 
just before the U. S. resumed nuclear 
testing in the Pacific after a hiatus of 
more than three years, there was 
speculation that the Cosmos satellites 
were intended to monitor the U. S. 
tests. Russia has said that Cosmos 
satellites were used to evaluate the 
potential hazard of the artificial radia- 
tion belt created last July 9 by a higli- 
altitudc U. S. nuclear explosion, but 
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the Cosmos launchings continued 
through last December, long after U. S. 
atmospheric tests had ceased. 

Cosmos launchings have been some- 
what sporadic, even though the average 
from Mar. 16, 1962, until late Decem- 
ber was about one every three weeks. 
One firing was made in March, three 
in April, one late in May, one late in 
June, one late in July, one in mid- 
August, one late in September, two in 


October (16th and 20th) and one in 
December. Between the Oct. 16 and 
20 shots, Russia conducted two test 
firings of so-called improved carrier 
rockets into the Pacific Ocean. 

Of the first 12 Cosmos satellites 
launched. / had orbits with inclinations 
to the equator of approximately 49 
deg.— a departure from the standard 
Russian launch angle inclination of 65 
deg. 


In the first eight weeks of 1963, 
Russia had not launched another 
Cosmos, but it was not clear whether 
this signalled the end of the Cosmos 

There was a break of more than eight 
weeks between the launchings of 
Cosmos 11 and 12. 

In any case, the Cosmos launches— 
using satellites that are estimated to be 
as large or larger than Vostoks— in- 
dicate that it was a mistake to interpret 
the one-vear gap in Soviet space 
launchings between Vostok 2 and the 
group flight of Vostoks 3 and 4 as a 
sign that the Russian program lacked 
the political and economic support of 

The most accurate guess at the 
moment seems to be that the Cosmos 
vehicles are the same kind of second 
generation, multi-experiment observa- 
tory satellites that the National Aero- 
nautics and Space Administration is 
developing but has not yet flown. 

Official U. S. comment following the 
Nikolayev-Popovich flight last August 
tended to deprecate the achievement, 
saying that what the Russians did was 
nothing they could not have been ex- 
pected to do eventually and nothing 
the U. S. could not do itself, given the 

Nevertheless, if Russian claims arc 
accepted, they programmed putting 
Vostok 4 into an orbit near that of 
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Which is larger, the tenth root of ten or the cube root of two? 


-Contributed 

More than 70,000 engineers and scientists are expected to attend 
this year's new IEEE International Convention, March 2S-28 at 
New York’s Coliseum and the Waldorf-Astoria Hotel. We hope 
to see many of our readers there. You'll find the Litton booths 
1610-1618 and 1709-1717 on the first floor of the Coliseum. Drop 
by and see what some of our divisions are doing. 
answer to last week's problem: The point values must be 
coprime; otherwise there are infinitely many impossible scores. 
The number of impossible scores is then: Vi (x-1) (y-1) =35. 
Hence x and y are (2,71), (3,36), (6,15), or (8,11). (3,36) and 
(6,15) are eliminated by the coprimality condition, and since a 
score of 58 could be attained by making 29 two point free throws, 
the value of a free throw is 8 and that of a field goal is 11 . 
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1 AMP/1 WATT 


TO OPEN 
TO CLOSE 
TO START 
TO STOP 
TO EJECT 
TO IGNITE 
TO PUSH 
TO PULL 


Vostok 3 with a 24 hr. interval after 
launch of Vostok 3; they hoped to 
bring the spacecraft within 3 mi. of 
each other initially and achieved a 
distance of somewhere between 4.03 
and 4.1 mi.; they launched each vehicle 
with a deviation from nominal launch 
time of less than 1 see., and they con- 
ducted an excellent test of the tracking, 
computing and control system needed 
to bring two vehicles close together in 
space, whether manned or not. 

The precision with which the orbits 
were matched can be seen from a com- 
parison, based on corrected Soviet 
figures published some time after the 
flight, of the distances between periods, 
apogees and perigees at various times. 

When Vostok 4 joined Vostok 3 as 
Vostok 3 was on its 17th orbit, the 
periods of the two differed by only 7.8 
sec. By the 49th orbit, this had grown 
to a difference of S.4 see. On the 17th 
orbit of Vostok 3, the difference in 
apogees was 4.21 mi. and in perigees 
1.12 mi. Each increased gradually until 
the apogees differed by 6.26 mi. and 
the perigees by 2.05 mi. on the 64th 
orbit. No refined figures on the in- 
clinations of the two orbits are availa- 
ble. but initial figures showed a differ- 
ence of a few hundredths of a degree. 
Russia also said both Vostoks were 
launched from the same pad-indicat- 


ing a total pad time for checkout 
and countdown of less than 24 hr. for 
Vostok 4. 

Work program for the cosmonauts 
called for them to float free of their 
suspension systems on the fourth cir- 
cuit and every second circuit of each 
subsequent 24 hr. Free-floating periods 
were to last for 50-60 min. 

Russia said intership communication 
was good at all ranges up to "the 1.767 
mi. that separated tire ships just before 
they re-entered. The results of these 
tests "will make it possible to design 
still better equipment in the future 
... for the next spaceships to go up and 
to have well organized communications 
with any number of ships in flight." 


NOW... CONVERSION 
WITHOUT COMPROMISE 


An advanced McCormick-Selph capability . . . a new and 
immediate answer to meet AFMTC requirements . . . 
McCormick-Selph's qualified capability in 1-Amp/l-Watt 
5-minute no-fire is now expanded to permit immediate 
conversion of existing* electroexplosive devices. Time is 
saved — redevelopment costs are saved — system modi- 
fication is eliminated. 

All this, plus maintenance of output characteristics with 
functioning times of 3-5 milliseconds. Write for complete 
details today to: Applications Engineering/McCormick- 
Selph/Hollister, California. 

McCORMICK-SELPH IS EXPLOSIVE ORDNANCE 


Soviet Lunar Flight 

Washington— Soviet Russia is "far 
more thoroughly prepared" than the 
U. S. for a manned lunar landing and 
may send its first cosmonaut to the moon 
in 1965 or 1966. in the opinion of Dr. 
Boris Valnicck of the Czechoslovakian 
Academy of Sciences. 

Dr. Valnicek, quoted in a U. S. trans- 
lation of a foreign technical journal, said 
he believes Russia already has the capa- 
bility for a lunar landing insofar as the 
power of its rockets and space cabins go. 
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Vonguord TV3A 

Vanguard TV5 
Vanguard SIV1 
Vanguard SLV3 
USAF lunar Probe 

Vanguard SIV3 


lunik 1 (probe) (USSR) 


Vanguard SIV5 
Vanguard SIV6 


lunik 2 (probe) (USSR) 
lujlk 3 (USSR) 
Discoverer 7 



DilZtoHO 

Transit 2A (and Grab) 265 

Discoverer 13 1,700 

Courier 1A 
Pioneer (probe) 

Spaceship 2 (USSR) 10,120 

Transit 3A/Greb 

Discoverer 17 2,100 

Mars Probe (USSR) 
Mars Probe (USSR) 

Spaceship 3 (USSR) 10,060 


1961 Samos 2 4,100 

Venus Probe (USSR) 

f ,plor • ,9 .. 7 

Explorer S45-1 

Venus Rocket (USSR) 1,419 

Discoverer 20 2,450 

Mercury Atlas-3 
Explorer S45-2 

Transit 4B/lofti 307 

Discoverer 24 
Explorer S55 
Discoverer 27 
Discoverer 28 

Spaceship 5 (USSR) 10.330 

Discoverer 33 
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Discoverer 30 
Discoverer 32 


Ranger 2 
Transit 48 TRAAC 


Elo 1 (USAF) 
Cosmos 1 (USSR) 
P-21A (probe) 

Kappa I (USAF) 
lombda 1 (USAF) 
Cosmos 3 (USSR) 


Sigmo 1 (USAF) 

Cosmos 5 (USSR) 

Phi 1 (USAF) 

Blue Scout (USAF probe) 
Chi I /Oscar 2 (USAF) 


Alpha Eto 1 (USAF) 

Blue Scout (USAF probe) 
Alpha Theta l (USAF) 

Alpha Sigma 1 (USAF) 
Alpha Upsilon 1 (USAF) 
Alpha Chi 1 (USAF) 


Blue Scout (USAF Satellite) 
Blue Scout (USAF Satellite) 

Blue Scout (USAF Satellite) 

Venus Probe (USSR) 
us Probe (USSR) 

Venus Probe (USSR) 

Atlas Ageno (USAF) 
Satellite) 


Cosmos 9 (USSR) 

Bela Bela 1 (USAF) 

Cosmos 10 (USSR) 
Beta Kappa 1 (USAF) 
Mars 1 (USSR probe) 


Blue Scout (USAF probe) 
0 3 Piggybacks (USAF) 

8lue Scout (USAF probe) 


Midas 3 
Voslok 2 (USSR) 

Explorer 12 
Discoverer 29 








The Dynatube® fitting employs a new concept which assures 
freedom from leakage in high performance systems handling 
the most difficult mediums, such as hot gas or helium. There 
are only two parts — shoulder and nut. The self-energizing 
seal is integral with the shoulder. Dynatube uses no rings, 
nothing extra to work loose, get lost or leak. It is the light- 
est, most compact fitting available for high performance 
applications. ft Method of attachment of Dynatube fittings 
may be in accordance with your specifications, ft Dynatube 
fittings deserve your careful investigation. 

Ask your Resistoflex field engineer for : 
information or write Resistoflex Corpora- 
tion, Roseland, N. J., for Bulletin DY-1A. 




READY 


This new material from Lord research offers elastomeric mountings that combine 
superior broad temperature characteristics with important price advantages. ■ BTR-IV, 
already being designed into shock and vibration mountings of many types, joins the 
family of BTR® (broad temperature range) elastomers introduced by Lord in 1957. 
■ Performance: excellent shock attenuation from — 65 3 to + 160 F. Linear load- 
deflection characteristics under high shock. Good damping, bond strength and impact 
fatigue resistance. No detrimental stiffening at — 65°F. Meets MIL specs. ■ Lord is 
ready to put BTR-IV to work for you now. For an Engineering Report on its per- 
formance, contact: Lord Manufacturing Company. Erie. Pa. Field Engineering Ollices 
in principal cities. In Canada: Railway & Power Engineering Corp., Ltd. 




New Missile Concepts Stress 


By Irving Stone 

Los Angeles— Planning, development, deployment and updating of U. S. 
ballistic missiles lias reached a new plateau of technological effort that ranges 
from formulation of future strategic concepts to refinements for greater effec- 
tiveness of missile systems on alert status. 

Much future design of missiles will depend on the environment that will 
be most desirable for increasing the potential of advanced systems. 


Ballistic missile efforts by the U. S. 
now include: 

• Advanced ICBM planning, with em- 
phasis on survivability. 

• Midrange ballistic missile, with mo- 
bility for high-survivability. 

• Initiation of large-scale hardened de- 
ployment of the Minutcman ICBM, and 
projected improvements for future 


and Titan ICBM systems, for greater 
reliability. 

• Range increases for the Polaris fleet 
ballistic missile. 

Concepts for next-generation U. S. 
intercontinental ballistic missiles will 
be based on offsetting accuracy and 
high-yield payloads of hostile ICBMs. 
Basic premise is that the most effective 
deployment for retaliation against a 
combination of pinpoint targeting and 
large warheads lies in novel basing 
schemes. 


Two general approaches appear feasi- 
ble-mobility and concealment. Mo- 
bility could encompass land or water 
deployment. True concealment would 
involve methods not previously used, 
ruling out deployment in fixed, under- 
ground, conventional silos on the theory' 
that no fixed, hardened site is immune 
to a warhead incorporating accuracy 
and high yield. 

A next-generation ICBM, imple- 
mented with a year of study followed 
by four years of development, would 
attain operational readiness in 1968. 
Urgency could cut development time 
to less than three years, for deployment 
in late 1966 or early 1967. If tlie sys- 
tem were complex, five years for de- 
velopment would be required, provid- 
ing deployment in 1969. 

Investigation of new modes of sur- 
vivability are contained in studies al- 
ready initiated by USAF's Ballistic 


Environment 

Systems Division (AW Nov. 5, 1962, 
p. 103). These studies are broad inves- 
tigations intended to cover the entire 
parametric range of missiles with 
weights from 30,000 lb. to 500,000 
lb. Reason for the inclusion of the 
"small” missile is to consider all forms 
of mobility. The mobile midrange 
ballistic missile now in the program 
definition phase at Ballistic Systems 
Division is considered a forerunner of 
the new systems. 

The advanced studies cover three 
package efforts: guidance technology, 
command and control, and a third en- 
compassing six areas— encapsulation, de- 
ployment techniques, small missile, 
long-range ICBM, large payload, and 
positive early warning. 

Top emphasis will be placed on guid- 
ance, since accuracy is considered the 
key in the delivery capability of every 
ballistic weapon. In parallel efforts, 
global ranging guidance will be studied 
by American Bosch Arma and IBM, 
encapsulated missile guidance by AC 
Spark Plug and Sperry Rand, and radio 
inertial guidance by IBM and General 
Electric. Command and control will 
be analyzed by RCA, large payloads by 
Space Technology Laboratories and 
Martin, encapsulation techniques— ad- 
vanced packaging— by General Dynam- 
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ics/ Astronautics and Lockheed Missiles 
and Space Co., and use of early warning 
by North American Aviation's Space and 
Information Systems Division and 
Hughes Aircraft. United Aircraft and 
STL are studying the small missile, and 
Boeing and McDonnell Aircraft the 
large. 

All studies should be complete by 
end of the year and are funded for 
SI 50,000 to $200,000, except for guid- 
ance and command and control studies, 
which may cost more because of bread- 
board work. 

Concept of encapsulation is to 
achieve long-time dormant deployment 
underwater, or perhaps underground, 
and is applicable to a missile of any 

More latitude exists for underwater 
deployment than with a land site. 

Cost of encapsulation, basically in- 
volving use of a hard, hermetically 
scaled shell to preserve a suitable en- 
vironment for the missile, is conceived 
as costing no more than the above- 
surface gantry, below-surface coffin, or 
silo emplacements for existing missile 

An encapsulated, dormant missile de- 
ployed under water promotes surviv- 
ability primarily through concealment. 
Water is an effective neutron absorber 
also and ensures high survivability ex- 


cept against a very close blast. Both 
moored and floating configurations arc 
envisioned, with mooring-release accom- 
plished by sonar signal or signal from 
iocket or aircraft. 

Underwater deployment in arctic 
wastes is being considered but doesn't 
appear as attractive as inland waters, 
where encapsulated, submerged missiles 
would not be subject to hostile under- 
water-sensing techniques. Arctic de- 
ployment would make inspection and 
replacement procedures difficult and 
personnel involved would spend much 
time protecting themselves against the 

Power-carrying devices used for the 
missile would develop temperatures 
easily discernible against the back- 
ground temperature of the water. Move- 
ment of any natural reference body, 
such as a huge mass of ice. would make 
difficult the location of an encapsulated 
missile for inspection to determine that 
it had not been sabotaged. 

Release of the cocooned missile from 
its anchorage could be achieved by 
dumping water ballast to pop the mis- 
sile above the surface for ignition. An- 
other scheme would be to employ a 
cold boost, similar to the Polaris tech- 
nique, to blast the missile into the air 

Waiter mobility could be attained 


with the encapsulated missile on a 
barge which could be sunk automatically 
if intelligence indicated that an attack 
impended. Launch from the sunken 
barge could be achieved with missile 
pop-up as in any other underwater dc- 

Communication with an encap- 
sulated, donnant, underwater missile 
will require intensive study. A land- 
based, hermetically sealed missile could 
use camouflaged antenna systems pro- 
truding above ground or, for greater 
survivability, a buried transmitter-re- 
ceiver system utilizing radio waves for 
command. 

Defense Department’s decision to 
proceed with the development phase of 
U SAP’s mobile mid-range ballistic mis- 
sile is expected to be made this spring 
or at latest by early summer. Now in 
its program definition phase, the 
MMRBM program would provide the 
first weapon system designed for land 
and sea mobility, which translates stra- 
tegically into increased survivability and 
thus offers the economic and operational 
advantages of requiring fewer weapons 
for an effective force. 

DOD's decision is expected to be 
based primarily on the projection for 
this decade of the political situation in 
Europe, where the weapon would be de- 
ployed for NATO. Deployment is also 
possible with U. S. forces in other parts 
of the world. Solution of the problem 
of nuclear warhead control would be 
another factor in DOD’s decision. 

Deployment for launch at sea from 
several types of vessels would he a 
straightforward task. Prime limiting fac- 
tor for land use would be ability of roads 
and bridges to accommodate tile weight 
and turning radius of the missile hauler, 
a truck-trailer combination designated as 
transporter-launcher. 

Development of the MMRBM in- 
volves no make-or-break problem areas. 
Design would be aimed toward relative 
simplicity and so would the production 
task. A two-stage unit, the missile will 
be about 23 ft. long and weigh approxi- 
mately 11,000 lb. with re-entry system. 
First stage is not expected to exceed a 
diameter of 4 ft. 8 in. Controlled range 
will be 200-2,000 naut. mi. 

Guidance and command and control 
systems probably will offer the greatest 
problem areas. Reaction time while the 
transporter-launcher is mobile probably 
will be 5-1 5 min. Circular error proba- 
bility (CEP) is not likely to be less than 
1.000 ft. at a range of 1.000 naut. mi. 
Command and control network will 
have to embody survivability character- 
istics at least equal to those of the 
missile, incorporate anti jamming, and 
resist effects of nuclear blasts. 

The transporter-launcher, initially 
viewed as one of the more difficult prob- 
lems, probably will emerge as one of the 
simplest. It will be configured to use a 
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standard trailer, hauled by a standard 
motor truck-tractor unit, as the launcher. 
Buttoned-up, the trailer probably would 
be indistinguishable from any large, 
conventional trailer. 

A pair of doors at the rear would 
allow the missile in its container to slide 
into the trailer ongails at the sage level 
as the rails on the shipping stand backed 
against the trailer. A gear arrangement 
in the trailer could erect the container 
to a vertical position through a pair of 
doors forming the roof and opening out- 
ward from the center. In this vertical 
position, the missile could be popped 
from its container by a compressed air 
blast, then ignited in the air, like the 
Polaris. Another launch mode could 
involve light-off directly from the truck, 
with a bottom portion of the truck 
dropped to the pavement as a blast 

Forward portion of the trailer could 
be walled off from the missile-cariying 
part to provide berths for personnel and 
room for avionic gear. 

Deployment of MMRBM systems 
probably would be in squadrons of up 
to 30 vehicles. While sabotage of one 
transporter-launcher might not be diffi- 
cult, sabotage of a substantial part of a 
roving squadron is considered to be im- 
probable. 

Configuration of the weapon system 
will be established during the program 
definition phase. Contractors conduct- 
ing this phase include Hughes Aircraft 
for integration, assembly, and checkout; 
Thiokol for propulsion; Ford Motor 
Co.’s Aeronutronic Division for the re- 
entry system; General Precision Equip- 
ment for guidance; Goodyear Aircraft, 
transporter-launcher; Martin-Svlvania 
and Hughes Ground Support Group, 
command and control, and Bechtel 
Corp., architect-engineer. One of the 
command and control contractors will 
be eliminated after the program defini- 

In the area of operational missiles, 
significant refinements are under wav 
and planned for the Minuteman ICBM 
to bolster the reliance that Defense 
Dept, has placed on it as the country’s 
principal strategic weapon system. 

A sixth wing now being added to the 
Minuteman inventory seems a logical 
place for the introduction of a substan- 
tial block of improvements since these 
might require at least two years for 
development and test. 

Meanwhile there would be a back- 
stop build-up to a total of 800 emplace- 
ments in the first five wings; Malmstrom 
AFB, Mont., with 150; Ellsworth AFB, 
S. Dak., 150; Minot AFB, N. Dak., 
150; Whiteman AFB, Mo., 150, and 
Warren AFB, Wyo, 200. These are in 
various degrees of site completion. Indi- 
cations are that production and force 
build-up will be fast, with total deploy- 
ment of the 800 missiles in the first five 
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Brake Shoe 
announces its 
4,000 hr. guarantee 
program for the 
Kellogg pump 



HYDRAULIC RELIABILITY OF KELLOGG PUMPS lakes on a dramatic new dimension that provides air carriers an appreciable 
savings in their spare-pump program : 1 ) The Aerospace Division of American Brake Shoe Company guarantees that any carrier using 
the Aerospace Division's Kellogg hydraulic pumps will realize a verified premature removal rate not to exceed one pump for every 
4000 flight hours (.25/1000). 2) If verified removals exceed 4000 hours, the Aerospace Division of American Brake Shoe Company 
will provide additional spares, at no charge to the carrier, necessary to provide adequate coverage to keep the fleet operational. 
■ This new program is made possible by the ever increasing performance records being established every day by Kellogg pumps. ■ Learn 
how you can cut your spare-pump inventory investment. Write to the Aerospace Division today for details of this bold program. 
The general offices arc at: 3151 West Fifth Street, Oxnard, California. ■ In Canada: Jarry Hydraulics Limited., Montreal, Quebec. 



Dramatic reliability program established for air , 
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Longer Range Is Goal of Polaris B3 

Plan to stretch substantially the range/payload capability of the Navy’s 2,500- 
naut.-mi. Polaris A3 fleet ballistic missile is under way with a feasibility study at the 
Lockheed Missile and Space Co. for a follow-on version of the weapon, designated 
B3. 

Prime refinement would be an increase in diameter for a significantly larger pro- 
pellant grain. This would hold the missile's length to its present dimension, 31 ft., 
to keep modification of existing nuclear-powered submarines to a minimum— retaining 
their keel depth, but increasing the diameter of the launch tubes. Retention of the 
same number of tubes, two parallel rows of eight, could be provided by increasing 
the length of the missile compartment, or fewer launch tubes could be installed in 
the existing space. 

Grain web thickness might be increased 10-12 in., resulting in a diameter of 
75-80 in. compared with the 54-in. Polaris A3. 

Applied to both first and second stages, this increase in grain volume would give 
Polaris a new strategic capability. To the vital characteristic of survivability through 
underwater mobility, it would add a new targeting range approaching the capability 
of an intercontinental ballistic missile. Alternatively, a higher yield warhead could 
be delivered over the same range as the A3. A combination of increased range and 
payload also would be possible. 

Earliest a Polaris B3 could be introduced into Navy inventory is late 1965, allow- 
ing for a normal research, development, test, and production program and using 
substantially similar propellant formulations to the A3. For the Aerojet first stage, 
this is a Class 2 nondetonable polyurethane type, and includes a nitroplasticizer for 
added energy, curing at ambient temperature, and avoidance of grain shrinkage. 
For the Hercules Powder second stage, a Class 9 dctonablc double-base propellant 

Polaris B3 may take advantage of interim developments of solid-propellants using 
light-metal additives like lithium hydride for a big jump in specific impulse. Such 
a technique has become a field of increasing interest for military planners, who see 
in it a means of achieving a specific impulse well above 300 sec., a significant ad- 
vance from the 245 value commonly used for first stage applications. 

Polaris A3X, now in the development test phase, is designed to increase range 1,000 
naut. mi. over the A2. It uses a first-stage propellant flame temperature exceeding 
5.000F. Development of this propellant system posed difficult problems, solution of 
which were critical for attaining tile missile's advance in operational capability. 

First stage of the A3, the largest glass-filament-wound case to be used in a flight 
program, incorporates rotating nozzles for thrust vector control. This design was 
selected because it is the shortest of the movable nozzle systems and best fitted for 
Polaris, which is a volume-limited system. 

Second stage of the Polaris A3 also uses a glass fiber case, but freon injection 
provides thrust vector control. 

The dcs'clopment test program, which has involved pad-launches of less than a 
dozen missiles so far, has resulted in a number of failures, attributed to random 
difficulties. 


wings with Strategic Air Command 
completed by 1965. 

Minuteman’s plan and authorization 
program provides for emplacements sub- 
sequent to Wing 6, and the assumption 
is that additional refinements will be 
incorporated up to a late cut-off point. 

Improvements in process: 

• Guidance accuracy. Greatest effective- 
ness against targets is possible through 
improvement here. Increase in accu- 
racy' even in tenths of miles offers more 
substantia] results than relatively large 
increases in warhead yield. Minutcman 
achieved the CEP initially programmed 
for it and this basic accuracy was im- 
proved after relatively few missiles had 
been fired. Further reduction of CEP 
involves refinement of the components 
—gyros, velocity-measuring devices, and 
mounting platform. 

• Range/payload capability. Weight- 
saving is another aim of the guidance 


refinement program, for translation into 
greater range or payload capacity. Great- 
est weight-saving probably stems from 
modification of the second stage (AW 
Sept. 3, p. 6S). For use in Wing 2 at 
Ellsworth AFB, this stage will be built 
of titanium alloy instead of steel to save 
218 lb. Second stage diameter has been 
increased for a greater propellant charge 
for more range or payload. Third stage, 
incorporating a glass filament-wound 
case, already is at its practical limit of 
lightness. Weight is not a critical factor 
in first stage and its steel case probably 
will be retained. 

• Radio launch control. Development 
work is being conducted for triggering 
Minutcman missiles by radio signal. 
Initially revealed in Aviation Week & 
Space Technology (May 18, 1959, p. 
26), this operational technique would 
involve radio transmission between the 
buried launch control center and the 




Will your products 
stand up 
in outer space? 





TROY, GREEN ISLAND, N. Y. 

I——"— —I 


Aero Vac creates, de- 
signs and builds ver- 
satile, high vacuum 
space simulators 
which bring outer 
space into your labo- 
ratory. 

So, if you make 
products for aerospace 
applications, you 
should talk with the 
people at Aero Vac. 


Agents are invited to inquire. 
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Researched, developed, manufactured 
and tested ... in house by Brunswick 



ROCKET MOTOR CASE - Brunswick is a leading de- 
signer and fabricalor of fiberglass filament wound rocket 
motor cases. Experience on Polaris A-3 and other programs 
has resulted in an unexcelled capability for design, fabrica- 
tion, and test. From the fabrication of the insulator to the 
final hydrostatic testing of the completed unit. Brunswick 



HONEYCOMB ASSEMBLIES - Brunswick has complete 
facilities for the design and fabrication of aluminum sand- 
wich and reinforced plastic components. Large parabolic 
reflector panels are fabricated to ± .010 contour tolerance. 
Other sandwich assemblies can be fabricated using a wide 
variety of adhesives and materials. Brunswick's decade of 
experience has made it an acknowledged leader in this field. 



RADOMES-for supersonic aircraft and missiles. 
Brunswick's biaxial filament winding process guarantees 
maximum transmission properties by precise resin control, 
precision ground wall thickness tolerance of a.001. 
Brunswick's electronic test facilities include ten test ranges 
for pattern studies on all types of antennae with directional 
pattern characteristics. 



INTEGRATED ANTENNAS -Brunswick totally integrates 
all communications, telemetry and navigational antennas 
and reflectors within primary structures. No sending or 
receiving interference. All-plastic aircraft and missile 
assemblies give high weight-strength ratio, while providing 
aerodvnamically clean lines. Can Brunswick Corporation 
help you in any way? Write or call today 1 


Interested engineers will find it rewarding to discuss 
career futures with Brunswick, an equal opportunity 
employer. Write or call Brunswick Corporation, 
Defense Products Division, 1700 Messier Street, 
Muskegon, Michigan. 




TITAN 1 is launched after elevation from 
operational training silo at Vandenbcrg. 


blasting and tediously excavating the 
rubble and earth with a clamshell 
bucket. 

An extensive program to increase per- 
formance. reliability and safety in Atlas 
E and F has been initiated as a package 
effort involving about 250 items for 
each and covering missile, site and aero- 
space ground equipment. This effort is 
being carried on against a background 
of maintaining complete operational 
status for all Atlas versions— D, E, and 
F— subject to downtime occasioned by 
the updating work. 

Site activation for the silo-deployed 
Atlas F was completed last December, 
21 days ahead of schedule. Atlas E un- 
derground coffin site activation was 
completed 40 days ahead of schedule in 
November, 1961. Atlas D previously 
had been completely activated, and re- 
finements dictated by the Golden Ram 
program incorporated (AW Mar. 12, 
1962, p. 137). 

Category 2 testing, concerned with 
marriage of the missile to its operational 
environment, is being completed for 
both Atlas E and F at Vandenberg 
AFB, Calif., and involves contractor and 
SAC personnel using operational check- 
out and launch gear. Category' 3 testing, 
completely conducted by Strategic Air 
Command for operational training, will 
be instituted as soon as the Category 2 
program is completed. 

Preliminary steps in Atlas E updat- 
ing were begun in October. 1962. with 
guidance changes to provide greater ac- 
curacy and better maintainability. Atlas 
F guidance changes were begun a 
month later in a program practically 
identical to that for Atlas E, since the 
missiles are essentially the same. Con- 
sidered urgent, the guidance changes 
have been conducted bv the contractor. 
Arina, on a step basis from sitc-to-sitc 
and from basc-to-basc, so that the Atlas 
force could remain essentially on emerg- 
ency war order (EWO) status. 

The formal updating program for 
Atlas E, exclusive of guidance changes 
previously begun, was started in January 
and will be completed in July, 1964. It 
is a joint effort’ of SAC for missile 
changes and Logistics Command for 
coffin changes, with special assistance 
from contractors. It also is being con- 
ducted as a step program. The package 
aspect, which lumps the various items 
involved, will minimize down time, so 
that maximum emergency war order 
status can be maintained. 

Bases involved arc Warren, Forbes 
AFB. Kan., and Fairchild AFB. Wash., 
which will participate successively, each 
with one squadron of nine missiles, plus 
a tenth, housed in a missile assistance 
maintenance structure (MAMS), which 
can be used as a substitute missile. 

Updating schedule for the F is being 
planned now. The program is expected 
to start in July and will extend 20 to 24 



AIR FORCE crews launch Atlas 57F from 
hardened site at Vandenberg AFB. Calif. 


AVIATION WEEK & SPACE TECHNOLOGY, Me 


I, 1963 


149 








• MISSILES 


LET’S TAKE 



Choose from a full line of switch modules and assemblies with a wide 
variety of outputs. Prices start at just $10.50. Write today 
for free technical information. 



months, depending on the number of 
missiles which can be removed from 
emergency war order status with SAC's 
permission. 

Because there are six bases, each with 
one squadron of 1 2 missiles deployed in 
hardened silos, the Atlas !■' program 
will involve a larger effort. Each squad- 
ron has a 1 3th missile housed in a main- 
tenance structure. Atlas F updating also 
is expected to be a SAC-Logistics Com- 
mand joint effort. 

Changes will be tested in Atlas E 
and F Facilities at Vandcnbcrg AFB, 
and the intention is to launch two mis- 
siles each in the fully modified E and F 
configurations. I-au'nchcs of Atlas E 
should be completed bv June, and F by 
November. 

Atlas E and F Category 3 test pro- 
grams arc being analysed at the request 
of Defense Department to determine 
how much they could be accelerated 
for an earlier detennination of Atlas 
force total effectiveness under the Single 
Integrated Operational Plan (SlOP) for 
the weapon system. This determination 
will be based on an assessment of opera- 
tional readiness, reliability, range, CEP 
and other critical factors. 

Acceleration would include speed-up 
of the package installation at Vanden- 
berg: Operational Suitability Test Facil- 
ity One (OSTF-1) and 576C SAC train- 
ing, below-ground coffin installations 
for Atlas E. and OSTF-2 and 576D and 
E for Atlas F. 

A "buy-out" analysis of Atlas produc- 
tion requirements through 1966 is be- 
ing made to determine how many mis- 
siles will be required for advanced ballis- 
tic missile re-entry system (ABRES) 
testing and combat training launches. 
This is an economy measure for pro- 
ducing and storing the needed missiles, 
instead of maintaining a production line 
for the relatively few missiles that would 
be required. 

Production line for the Titan 2 
ICBM is feeding missiles to operational 
sites as fast as they can be accepted. 
Davis-Monthan AFB at Tucson. Ariz., 
received its first opcrational-tvpe missile 
in December, and McConnell AFB, 
Wichita, Kan., received its first unit in 
January. Little Rock AFB. Ark., the 
final Titan 2 deployment site, will re- 
ceive a missile next. Total deployment 
at these three bases will involve only 54 
missiles— two 9-missilc squadrons at each 
base. All three bases are to be opera- 
tional this year. 

Site activation improvements have 
been fed into Titan 2 bases as a result 
of knowledge gleaned from this exacting 
task with Titan 1. A product-improve- 
ment program for Titan 2 will be based 
on changes dictated by SAC experience 
with the missile in Category 3 testing. 

A major milestone in the Titan 2 
program was passed when the missile 
was captive-fired successfully in January 
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in an operationally configured training 
facility at Vandcnbcrg. Only the first 
stage was loaded— the second stage was 
water-ballasted for realistic weight— and 
the engines were cut before all first-stage 
fuel was burned. But the test exceeded 
the time that it would have taken the 
missile to clear the silo in a free launch. 

This was the first test of Titan 2 in its 
true environment and showed that de- 
sign of the missile and facility were 
compatible. Silo ducts were adequate 
to bleed the exhaust to the surface and 
only minor damage resulted to the flame 
bucket, demonstrating that the silo was 
reusable. Launch phase of the first Titan 
2 shot from the silo last month also was 
a success, but the missile exploded at an 
altitude of about 3 mi. It was the first 
Category 1 flight from an operationally 
configured training facility. 

All Titan 1 missiles have been de- 
ployed in silos since September, 1962, 
but there is a trickle of production 
to supply missiles for SAC training 
launches. Deployment now totals 53 
missiles at five bases. 

Each base, except Lowry AFB, Colo., 
has one squadron of nine Titan 1 mis- 
siles. Lowry has two squadrons. A silo 
destroyed at Beale AFB, Calif., when a 
missile exploded in May, 1962, is being 
repaired and will receive a Titan 1 to 
bring the deployed force to a total of 
54. In addition, there are three Titan 1 
silos at Vandcnbcrg AFB, which essen- 
tially are operationally configured, but 
not hardened to the extent of an opera- 

The silo elevator had been a major 
problem. One OSTF at Vandcnbcrg 
was destroyed in December, 1960, when 

surface on the elevator, which then 
gradually dropped back into the silo, 
hitting the bottom at faster than design 
speed. The missile ruptured, then ex- 
ploded. To ensure against repetition, 
fail-safe devices have been built into the 
Titan 1 launcher system, so that even 
if power and brakes fail a governor will 
prevent the elevator from bottoming at 
more than design speed. There have 
been thousands of test runs, lifting the 
missile to the surface and descending to 
silo bottom, without any critical occur- 
rence. Minor problems have been 
encountered, but these have been 

Numerous changes could have been 
incorporated in the Titan 1 system, but 
this would have involved delay and 
considerable expenditure, and Titan 1 
was a priority program with a relatively 
high degree of design freeze. Hence, 
changes were held to a minimum, with 
major items reserved for Titan 2. 

There is an updating program, con- 
cerned mainly with changes for higher 
reliability, based on SAC's usage ex- 
perience and problems encountered in 
Category 2 R&-D tests. 



SEAL SELECTION SIMPLIFIED 

Choose From Two 
All-Metal Shaft 
Seals For Aircraft, 

Missiles & Rockets. 


When conditions are too severe for an elastomer 
seal simplify your task of selecting and specify- 
ing a shaft seal by simultaneously testing Gits' 
two all-metal designs. For a technical comparison 
send for Gits Technical Bulletin No. 9. 
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For USAF Titan III: 
A Boost 

of over 2,000,000 lbs. 


When the U. S. Air Force’s Titan III thrusts 
toward space, its boost will come from two giant 
solid-propellant rockets. Together they will pro- 
duce a push of better than two million pounds. 
For these huge twins, the Wright Aeronautical 
Division of Curtiss-Wright is fabricating solid- 
propellant motor cases ten feet in diameter and 
seventy-five feet tall— among the largest ever 
made. The contract for this project, awarded to 
Curtiss-Wright by the United Technology Cen- 
ter, a division of United Aircraft Corporation, 
highlights a space age capability at the Wright 
Aeronautical Division that has set “down-to- 
earth” records, too: 100% on schedule for the 
hundreds of motor cases already produced for 
the Minuteman and Pershing missiles. 


In still other space age areas, Wright Aero- 
nautical is developing main propulsion systems 
and vernier control systems for space applica- 
tions, including subminiaturized attitude control 
devices . . . and developing advanced materials to 
withstand the ultra-hot blasts of future ultra-big 
boosters. 

These programs are as striking for their over- 
all diversity as for their individual significance. 
Quite obviously, they require technological abil- 
ities of great depth and breadth in metallurgy 
and heat transfer, propulsion and subminiaturi- 
zation. This unusually comprehensive combina- 
tion of capacities at Wright Aeronautical is 
available for your space age programs, too. 

Information is available on request. 



Wright Aeronautical Division 

CURTISS-WRIGHT CORPORATION 

Main and Passaic Streets Wood-Ridge, New Jersey 
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Multipurpose Field Missiles Are Sought 


By George Alexander 

Huntsville, Ala.— Design of battlefield missiles, which has tended toward 
development of many diverse, highly specialized systems, is undergoing a 
gradual shift toward a modular concept. 

U. S. Army's future procurement of missile systems— and the Army is the 
principal customer for field use missiles— will be based on the criteria of ver- 
satility, modularity and simplicity approaching that of artillery shells. 


Lt. Col. fames Miller, director of the 
Future Missiles Systems Division in the 
Army Missile Command's Directorate 
of Research and Development, said that 
any new missile system must be able to 
do the job of two or more weapons 
presently in the hands of troops. He 
cited the Ling-Temco-Vought Lance, 
which will replace the Lacrosse and 
Honest John rockets, as the first step 
toward greater versatility. Systems with 
highly-specialized missions are not likely 
to find favor with the Army, he said, 
because of cost and complexity. 

Modularized systems, with com- 
ponents that could be easily and rapidly 
assembled to make a weapon adequate 


for a different task, will be emphasized. 
Such a concept might be applied to a 
complete weapon system, individual 
units of which could be put together to 
form a larger or more potent weapon. 
Assembly of larger weapons from 
smaller units is a more probable tech- 
nique than pulling individual pieces 
of hardware off a large missile. 

Simplicity— of operational use, train- 
ing, parts and maintenance— is being 
stressed repeatedly by Army officers 
here. Maj. Gen. Francis J. McMorrow, 
commander of the Army Missile Com- 
mand, recently told a meeting of the 
American Ordnance Assn, that the 


Army is seeking in missile systems a 
“wooden round," an artilleryman’s term 
designating a unit which can be built 
simply, stored for extended periods of 
time, handled roughlv and which is 
adaptable to climatic extremes. 

"When you need it," Gen. McMor- 
row said, “it's ready. Put it on the 
launcher and it fires. If it doesn't, set 
it aside and shoot the next one." 

Concept of a wooden round entails 
low unit costs and high reliability and 
he invited industry to provide ideas. 

Self-contained propulsion systems 
will be required by the Army in future 
missile systems. Pre-packaged liquid 
propellant engines, which will power the 
Lance missile, will be acceptable as well 
as solid propellant motors, Col. Miller 
said. Otner Anny interests: 

• Missile guidance system using a laser. 

• Aircraft and helicopter mounted mis- 
sile systems. 

• Missile with indirect fire capability, 
which would be zeroed in on soft tar- 
gets by forward observers. 


154 


AVIATION WEEK & SPACE TECHNOLOGY, 


DOD’s insistence on program defini- 
tion prior to initiation of development 
of anv new missile system will be a fact 
of life, Army officials here say. Ex- 
haustive in-house studies, perhaps with 
some industry participation, will define 
sharply just what the Anny wants in a 

At least S-10 years operational use 
from any new system will be sought by 
the Anny. Desired lead-time in the de- 
velopment of a new system, from start 
of development to first production 
units, will generally be four years or less. 
Replacement of one generation of mis- 
siles by another will be done on an in- 
dividual systems basis, rather than a 
complete simultaneous overhaul of the 
inventory. Army currently is looking at 
its requirements 20 years from now 
for planning purposes. 

Battlefield missiles soon to phase 

• Pershing, a two-stage solid propellant 
missile with a range of 100-400 mi. 
Incrtially-guided and fired off its own 
air-transportable transport/launcher, the 
35 ft. long, 3.5 ft. diameter missile is 
being built by Martin-Orlando. Now in 
production, it will be in the hands of 
troops in the field shortly. About a 
half-dozen research and development 
Pcrshings remain to be fired from Cape 
Canaveral, Fla. 

• Sergeant, a two-stage solid propellant 
field missile with range up to 75 mi. The 
34 ft. long inertially guided missile, 
built by Sperry-Utah, is in production 
and soon will be issued to troops. 

In advanced development: 

• Redeye, a shoulder-fired. Bazooka- 
type air-defense rocket, is built by Gen- 
eral Dynamics/Pomona. It is about 4 
ft. long, has a 3 in. diameter and is 
powered by solid propellant. 

• Mauler, also built by General Dynam- 
ics/Pomona, is a solid-propellant radar- 
guided air defense missile, mounted in 
batteries of nine on the back of a self- 
propelled chassis. It can also be used 
against ground targets. 

• Shillelagh, primarily an anti-tank 
weapon, is built by Aeronutronic Div. of 
Ford Motor Co. It is powered by solid 
propellant and is optically guided. 

• TOW, for tube-launched optically- 
tracked wire-guided missile, is presentiv 
tinder development. Hughes Aircraft 
Co. is the contractor. 

• LAW, for light assault weapon, is an 
individual soldier’s weapon, about 25 
in. long, 3 in. in diameter and propelled 
by a solid propellant. It is being built by 
the Hesse-Eastern Div. of Flightex 
Fabrics Inc. It is in production and 
soon will be issued to troops. 

In early development: 

• Lance, first Army missile to use pre- 
packaged liquid propellants. It is being 
built by Ling-Temco-Vought. A gen- 
eral purpose missile, it will replace the 
Lacrosse and Honest John. 


SOLID 

STATE 

POWER 

CONVERSION 


for a broad range of power requirements 

Unitron can meet exacting requirements with custom- 
engineered Inverters, Frequency Converters, DC/DC Con- 
verters, and Power Supplies, with the reliability of semi- 
conductor circuitry and no moving parts. Units can be 
designed for a broad range of power requirements in air- 
borne and ground support systems. 

Unitron has compiled a valuable background of design 
and production experience by specializing in solid state 
power conversion equipment. This background provides 
Unitron with a unique ability to furnish custom-designed 
equipment with almost off-the-shelf timing and economy. 

Unitron’s capability is reflected by delivered units, 
such as the three examples of custom-designed Frequency 
Converters shown below. 



3.5 KVA 1.5 KVA 8.0 KVA 

Freq. Converter Freq. Converter Freq. Converter 


These 400/60 cps Converters share exceptional per- 
formance characteristics, such as better than 90% efficiency 
. . . regulation to ±1.0% . . . less than 6.0% distortion . . . 
frequency stability from 0.001%. Their environmental and 
RFI characteristics are compatible with applicable military 
specifications. 

UnItron INCORPORATED 

1624 N. First • Box 1331 • Garland, Texas 
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A BIG "NOTHING” MAKES 
THIS ALLOY SOMETHING 

There’s nothing more “nothing” than the vacuum in which 
Latrobe Vac Arc® alloys are melted. And yet from this 
consumable electrode vacuum melting process come 
Latrobe Vac Arc steels . . . steels superior in cleanliness 
and uniformity of ingot structure, steels outstanding in' 
physical and chemical properties. ♦ The superiority of 
Latrobe Vac Arc metals and alloys is achieved through 
strict manufacturing and control techniques. Special em- 
phasis is given to the electrode quality prior to Vac Arc 
melting. Strict instrumentation procedures automatically 
correct any variables during the melting cycle. The result: 
a steel uniform in all of its metallurgical properties, now 
ready for critical design applications where high strength, 
toughness and ductility at low and elevated temperatures 
are required. ♦ Latrobe regularly produces various grades 
of Vac Arc steels in a wide range of sizes, shapes and 
forms: Lescalloy 718, Lescalloy Ladish® D6AC, MV-1, 
Regent, Lescalloy 901 and BG-42, to name but a few. Write 
today for a complete list and our Vac Arc catalog. Or better 
yet, call Latrobe for experienced technical assistance. 



LATROBE STEEL COMPANY 

LATROBE. PENNSYLVANIA 
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Supersonic transport configuration studies at NASA's 
Langley Research Center include SCAT-16 (mounted on 
sting), powered by three podded jet engines. Variable 
geometry wings are fully swept back here. On tunnel 
floor is SCAT-15 (left), a variable sweep, four engine 
configuration, and (right) SCAT-4 with specially cambered, 
highly swept wing and engine nacelles at the trailing edges. 
SCAT stands for Supersonic Commercial Air Transport. 


Air Transport 
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Jet power for shorter hauls will bring the jet age to hun- 
dreds more cities around the world. To power profitable short/medium-range 
jetliners, Pratt & Whitney Aircraft has developed economical new engines such 
as the turbofan -JT8D. Pratt & Whitney Aircraft provides design and manu- 
facturing leadership in power for many applications, in and out of this world. 


Pratt & 
Whitney 
Aircraft 
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AVAILABLE SEAT MILES offered by U. S. domesfc 
factor is dropping steadily. Meanwhile, steadily ii 


Airlines Split Over Mergers, Fare Goals 


By L. L. Doty 

Washington— Gradual improvement in the earnings of the U. S. scheduled 
airline industry during the next four years is now being forecast, but the 
reversal from 1%1’s loss is not being interpreted as a new trend toward 
industry-wide prosperity. 

Chief problem facing the airlines is a wide split within the industry as to 
the best methods to strengthen their earning power and performance. Two 
camps have emerged during the past few years on the fare issue. Merger 
proponents, who see a solution in consolidation, are finding themselves 
under heavy industry attack and with outside support in doubt. 

In addition, domestic trunklines 


unable to decide among themselves 
whether the industry is fundamentally 
"sick" or “healthy". International car- 
riers are at odds over how foreign flag 
competition should be met. About the 
only single point on which all carriers 
seem to be unanimously agreed is that 
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industry expenses will continue to move 

Industry differences are deep-rooted 
and restoration of harmony will not 
come easily. Potential impact of the two 
proposed mergers— American Airlines 
with Eastern Airlines, and Pan Ameri- 


can World Airways with Trans World 
Airlines— on the competitive structure 
of the industry is a prime cause of this 
dissension. Opponents of the American- 
Eastern merger have lost no opportunity 
to protest loudly and violently against 
the proposal. 

Because of the far-reaching effect the 
Pan Am-TWA merger is expected to 
have on the competitive relationship be- 
tween domestic and international opera- 
tions. objections to it will evolve into 
industry strife equally as strident. 

That a competitive imbalance already 
does exist is evident in the varying de- 
grees of success now being experienced 
by 8 of the 1 1 carriers and the continu- 
ing losses being reported by the remain- 
ing three. Eastern. Northeast, and 
TWA. As a result, it is somewhat un- 
realistic to use total industry results as a 
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full measure of the progress of individ- 
ual airlines. However, such industry re- 
sults do give clues as to the general 
trend of air travel business. 

Consensus is that revenue passenger 
miles will grow at an average annual 
rate of 4% to 6% on domestic routes 
during the next four years and about 
10% in the North Atlantic market- 
assuming a stable world-wide economy. 
There is a general but understandable 
reluctance within the industry to risk 
a prediction of traffic activities in most 
foreign markets. 

Expense level apparently has not 
reached its apogee and most airline 
economists insist that a leveling-off 
phase is not in sight within the next 
four years. Although interest costs and 
jet transitional expenses have reached 
a plateau, wage costs and costs of goods 
and sendees are expected to follow an 
unabated upward trend for the next 
four to five years. 

Cost control often is a dilemma, not 
just a problem. Eastern Air Lines, for 
example, had to weigh immediate loss 
of revenue against potential crew cost 
savings in the future in its drastic show- 
down with the flight engineers last sum- 
mer over the crew complement issue. 
Difficult as the choice may have been, 
management still had the prerogative to 
make the choice. In some other cost 
areas, like rising terminal rent and land- 
ing fee charges, management often has 
little or no direct control. 

Cost Estimates 

Today’s best estimates place average 
gross expense increases at a 3-4% an- 
nual rate during the next four years. 
Application of these projections on the 
assumption there will be no major dis- 
ruption in the general economy suggest 
that it will be another five years before 
domestic trunklines will realize the 
10.5% rate of return on investment be- 
fore taxes to which both the industry 
and the government feel trunklines 
are entitled. 

There is a minority group consider- 
ably more optimistic in its views. This 
group feels that the general pessimistic 
outlook stems from attempts by larger 
or dominating carriers to paint a gloomy 
picture as a means of underscoring the 
need for mergers or sidetracking drastic 
fare reductions. The recent rebellion of 
five smaller carriers against the alleged 
labeling of the industry as "sick" by 
American and Eastern is a manifestation 
of this attitude. 

This group believes that the industry 
can surmount current financial problems 
without any uprooting of its present 
structure and that, by 1964, the industry 
will begin to move into a highly profit- 
able era. Several economists within this 
group have estimated net earnings for 
the 11 trunklines of $30 million for 
1962 and over $60 million for 1963. 
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Among the pessimists, forecasts seem 
to average out at SI 2 million net profit 
for 1962 and S30 million for 1963. Air 
Transport Assn, has estimated a break- 
even status for the industry in 1962. 
Aviation Week & Space Technology 
has predicted a S25 million net profit 
for 1962 (AW Nov. 19, p. 41). 

Internationally, it is unrealistic to 
make a sweeping judgment of traffic 
activities and prospects in foreign mar- 
kets because of the many divergent 
political and economic factors affecting 
each area. This diversity is the principal 
reason behind the varying policy’ ap- 
proaches employed by the U.S. in the 
treatment of foreign air travel markets. 

The Pacific area, for example, con- 
tinues to show promising signs of ex- 
tensive traffic growth. United Air Lines’ 
1962 profit of S6.3 million was bolstered 
to a large extent by a highly successful 
operation on its mainland-Hawaii route 
during the year. Military' traffic also has 
benefited airlines in this area. 

Braniff Airways is expected to show a 
loss on its South American operation, 
but it will be offset by a substantial 
profit from domestic route segments. 
On the other hand, Trans World Air- 
lines reported losses from domestic 
services but profits from international 
operations last year. In TWA’s case, 
however, allocation of costs tends to 
favor international results. 

Pan American World Airways, with 
no domestic services, prospers on an 


over-all basis though not necessarily in 
all regions. Revenue passenger miles 
climbed 18% in 1962 over the previous 
year, and net profit for the year was 
SI 4. 5 million for Pan Am, a 62.6% 
increase over net earnings reported in 
1961. 

Merger Issue 

International Air Transport Assn, is 
forecasting a 13% increase in passenger 
revenue miles during 1963 on all inter- 
national routes. In addition, a profit for 
the world airlines is forecast for 1963 
by IATA. 

Vitally important to future competi- 
tive alignments is the outcome of the 
proposed and suggested mergers, par- 
ticularly the TWA-Pan Am and Ameri- 
can-Eastern proposals. There are grow- 
ing indications that the Kennedy 
Administration is not looking upon 
these mergers with any enthusiasm al- 
though there have been no definite 
statements to suggest that there will be 
outright disapproval of either or both. 
Support for the Pan Am merger is re- 
ported among individual cabinet mem- 
bers and congressmen, however. 

Leaders of both companies strongly 
feel that the White House nail follow 
the recommendations of the Civil Aero- 
nautics Board which, through its Chair- 
man, Alan S. Boyd, has periodically 
espoused mergers as one cure to the in- 
dustry’s financial ills. 

One recent development cannot be 


overlooked in the evaluation of merger 
possibilities: recent backing of the CAB 
by the U. S. Supreme Court in the 
Court’s ruling on Pan American and 
W. R. Grace & Co. ownership of Pan 
American Grace Airlines (AW Jan. 21, 
p- 42). 

In its decision, the Court, in a 5-2 

“Where the problem lies within the 
purview of the Board, as do questions 
of division of territories, the allocation 
of routes, and the affiliation of com- 
mon carriers with air carriers. Congress 
must have intended to give it authority 
that was ample to deal with the evil at 
hand. It seems clear that such power 
exists.” The Court said it refused to 
assume what was the CAB’s responsi- 
bility. 

CAB Role Strengthened 

Lawyers here are still discussing the 
various interpretations being placed on 
the high court ruling. This much is cer- 
tain, however: the CAB now has strong 
precedent in many areas where a doubt 
once existed. The only point left open 
to interpretation is whether this prece- 
dent also will be recognized bv the 
White House, whose approval is re- 
quired in international route cases. 

In any event, the CAB is now clearly 
fortified with a new strength as an arm 
of Congress and it can be expected to 
use that strength. 

At the same time, the U. S. has de- 
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vclopcd a policy on inlemational air 
transportation which condemns the 
chosen instrument principle. The policy 
deplores the restraining of competition, 
opposes pools and suggests that any 
merger which will reduce competition 
is unpalatable. It is very possible that 
the temper of this philosophy will spill 
over into the domestic field to give 
anti-merger factions a boost. 

The fiiturc of fare issues remains as 
clouded as the merger issue with two 
rate philosophies clashing with one an- 
other while middle-of-the-road factions 
fight both. At one extreme is Con- 
tinental Air Lines, driving for a three- 
level fare structure. At the other is 
United Air Lines, advocating a single 
class rate structure. This plan has at- 
tracted the support of National Airlines 
but has drawn stiff opposition from 
United’s chief competitors. 

Plans Described 

Continental’s fare structure is based 
on the theory that air travel markets can 
be expanded sufficiently to surmount 
overcapacity only by introducing a broad 
range of fares and services catering not 
only to proven markets but with new 
low fare classes designed to lure travelers 
from the private automobile. Opponents 
say that low fares tend only to divert 
traffic from the higher-yield categories 
and don’t attract enough new traffic to 
offset revenue losses. United’s plan ap- 
pears to be aimed rather at revenues 
and not traffic generation, in that it 
seeks to reduce the spread between 
coach and first class fares. 

Chief benefit of the battle is that 
both fare structures arc being put to 
test through experimentation so that 
statistical evidence of the value of each 
will be available. Although American 


Airlines last month said it would 
counter the United fare with coach fares 
and services comparable to those offered 
by United’s one class fare, the two 
experiments may set the stage for an 
eventual stabilization of an air rate 
structure. 

Thus far, opinions on the fare issue 
have been formed on theory or on short- 
lived test cases which har e seldom been 
given the time to prove their worth. 
There has been little solid research 
undertaken to support the contentions 
of the opposing factions. 

International carriers are as equally 
split on low versus high fares as U. S. 
domestic carriers but differences gen- 
erally are thrashed out in IATA traffic 
conferences so that compromised for- 
mulas for a fare structure can be intro- 
duced in relative harmony on a world- 
wide system. U. S. carriers, of course, 
are restrained by anti-trust laws from 
discussing rate formulas among them- 
selves. 

Advocates of a rate boost in the in- 
ternational area were successful last year 
in preventing another fare reduction 
on grounds that a fare cut at this time 
would involve severe financial risks. 
However, low fare proponents gained 
some ground through the introduction 
of special low novelty fares as a means 
of testing various markets to determine 
whether a general fare reduction is 
practical within the next few years. 
Coach Traffic 

Dissension on rates stems from the 
rising volume of coach traffic and the 
dwindling first-class market. Coach to- 
day is the dominating form of business 
in both the U. S. domestic and inter- 
national fields and many airlines fear 
that this diversion will depress revenues. 


Facts do not seem to warrant this fear 
at the present time. Domestic trunkline 
coach revenue passenger miles reached 

20.8 billion in 1962, a 13% increase 
over the volume in 1961. First-class 
revenue passenger miles totaled only 

10.9 billion, a 17% decrease from the 
volume handled in 1961. 

Nevertheless, according to latest esti- 
mates, the 1 1 domestic trunklines 
showed an 1 1 % increase in gross reve- 
nues in 1962 compared to the previous 
year. These estimates also indicate that 
only Eastern Air Lines and Northeast 
Airlines failed to register a revenue 
gain during the year. All other trunk- 
lines showed substantial improvement 

Delta Air Lines and National ex- 
perienced major gains in gross revenues, 
due principally to traffic increases on 
their new southern transcontinental 
routes. Carriers whose route structures 
and competitive postures remained sta- 
ble reported less impressive advances. 

United, with Capital’s staff and 
routes securely absorbed into the over- 
all operation, earned an estimated $563 
million in gross revenues in 1962 com- 
pared to $517 million the previous year. 

The year was the first in which 
United carried more passengers on jet 
aircraft than on propeller planes. United 
also showed a spectacular 15% increase 
in revenue passenger miles during 1962. 

A scries of mergers would, of course, 
have a decided effect on the route struc- 
ture and competitive relationship of the 
domestic carriers. Beyond that, however, 
there arc no major route cases pending 
that could cause a drastic readjustment 
of the domestic industry’s makeup. 
Financial reverses could cause new pro- 
posed mergers but generally the merger 
fever that swept the industry in the 
last few years has cooled. 
International Routes 

On U. S. international routes, a com- 
plete revamping of the basic structure 
can be expected. The CAB is investigat- 
ing both U. S. South American and 
North Atlantic routes with the avowed 
purpose of dividing the markets in 
those areas among the carriers on a 
regional basis. There is nothing in the 
new U. S. international policy on air 
transportation that would prevent the 
Board from pursuing this course fully 

and completely. 

The Transpacific Route Service Case 
is still under review by the CAB and a 
Board decision that will revise the com- 
petitive relationship of U. S. carriers in 

Meanwhile, the close relationship be- 
tween domestic and international routes 
is taking on new significance. Chances 
are now strong that foreign flag carrier 
inroads in U. S. markets will be brought 
to a halt. At the same time, U. S. car- 
riers will expand their overseas opera- 
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tions to ports of entry in the U. S. to a 
greater degree than was heretofore con- 
sidered economically practical. 

This would give the U. S. carriers 
a competitive advantage over foreign 
flag carriers serving the U. S. but the 
pattern could change quickly if foreign 
flag carriers, particularly those serving 
the common market or those operating 
under international consortiums or 
pools, chose to retaliate by restricting 
U. S. fifth freedom operations on the 
European continent. 

European Travel 

Also, not to be overlooked is travel 
potential developing from within Eu- 
rope, one that shortly could match the 
U. S. passenger market in the volume 
of consumer spending. U. S. carriers 
have historically worried over their de- 
clining share of traffic on the North 
Atlantic, particularly since the majority 
of travelers in this market are U. S. 
citizens. It is not illogical to assume 
that European travelers may some day 
constitute the larger portion of over- 
seas travelers, giving European airlines 
an opportunity to strum the same re- 
frain U. S. carriers have sung for the 
past 10 years. 

The fact remains that the long-range 
capability of turbojet transports has 
broadened the scope of air travel and 
the historic ports of New York, Los 
Angeles, London and Paris will soon 
be facing competition from inland ports 
once considered purely domestic in 
function. First victims of the long-range 
planes have been such refueling points 
as Gander, Shannon, the Azores, Kefla- 
vik and Wake Island. 

U. S. international airlines are still 
unable to find a common meeting 
ground as to how they should compete 
with foreign flag carriers. TWA tacitly 
has given its support to the regional 
concept proposed by the CAB for 
the North Atlantic markets. Pan Amer- 
ican, on the other hand, has openly 
voiced its opposition to the proposed 

In the South American market, Pan 
Am has raised vigorous protests against 
the regional concept. Most all carriers 
sciving the South American market arc 
suffering losses because of excessive com- 
petition and Pan American holds that 
any restriction of U. S. operations in 
the area will only intensify a serious 
problem. 

A number of Latin American carriers 
continue to operate at cut-rate fares and 
attempts by IATA airlines to circum- 
vent this price war have not been too 
successful. The excessive competition 
question is further compounded by the 
imposition of capacity restrictions by 
several national governments against 
U. S. carriers. 

Capacity restriction, which also ex- 
ists in India and sometimes in Japan, 


Intercity Passenger Miles 



lias hampered the U. S. in the develop- 
ment of an air policy which can be 
applicable in all parts of the world. A 
policy which, for example, would sene 
U. S. purposes in Europe could be ruin- 
ous to U. S. airlines in South America. 

Declining load factors arc continuing 
to plague the airlines of the world. 
Available seat-mile increases have 
steadily outstripped capacity gains since 
1959 when jet transports were intro- 
duced into scheduled service in sub- 
stantial numbers. 

Load Factor 

Domestic trunkline load factor fell 
to 53.3% in 1962, the lowest level 
reached since the late 1930s. Available 
seat miles rose 13.7% in that period 
while revenue passenger miles showed 
only a 7.8% increase. 

Domestic trunkline coach load factor 
was 57.6% for 1962, compared to 
60.2% in 1961. First-class load factor 
was only 46.7% compared to 51.6% 
in 1961. No doubt exists that the load 
factor of all airlines has fallen to a 
dangerously low level. 

Airlines of the world are anticipating 
some relief from cost rises but. again, 
no leveling off in total operating ex- 
penses is foreseen. 

Domestic trunklines experienced an 
estimated 9% increase in total operat- 


ing expenses in 1962. Major steps to- 
ward the pooling of jet engine overhaul 
and maintenance have been taken by 
U. S. carriers in a move to retrench. 
Probability of extensive pooling of 
ground equipment is slight, however, 
and stiff competition has all but quashed 
any hopes for a revival of consolidated 
ticket offices or joint sales offices on a 
large scale. 

Merger Argument 

Merger backers claim that the main 
advantage of logical mergers is the re- 
duced cost that comes from eliminating 
duplication of operating activities. East- 
ern and American have estimated that 
this factor alone will save the merged 
company as much as $75 million 
annually. 

It has been estimated that the flight 
engineers’ strike against Eastern in 1962 
reduced domestic trunkline industry 
expenses by nearly $50 million while 
cutting revenues by approximately S33 
million. According to one airline statis- 
tician: "If there had not been a strike, 
the industry would have only shown a 
break-even of revenues with expenses 
in 1962." 

Carriers who believe the industry is 
"healthv” are convinced that traffic 
increases will bolster revenues in 1963 
while expenses will not climb as rapidly 
as they have in the past. The pessi- 
mists take this view: 

"The picture for 1961-1963 docs not 
support the several statements made 
recently about the improved status of 
the domestic trunk airlines. The finan- 
cial results arc far short of the more 
than S275 million earnings before taxes 
that would have to be obtained at the 
present time to reach the standard rate 
of return on investment adopted as 
reasonable by the CAB. Merely to 
achieve a break-even basis is certainly 
no accomplishment, particularly in an 
industrv with an investment in domestic 
operations of nearly $2 billion. I bis 
involves no return on the one-third 
which represents stockholders’ invest- 
ment and a most inadequate protection 
for the two-thirds advanced by lenders.” 

Speaking optimistically for the inter- 
national carriers of the world, IATA 
Director General, Sir William Mildred, 
had this to say: 

“It is, of course, difficult to look into 
the future with so sensitive an industry, 
but there is some brightening in the 
general prospects for world airline traf- 
fic. The rate of growth is again on the 
upswing and 1963 should sec growth 
rates for passengers and cargo approxi- 
mating the average over the past 10 
years ... I do not think that I am 
being overly optimistic in hoping to 
see the airlines back in the black on 
their operating account this year, 
though one or two (airline) presidents 
have said I am too optimistic." 
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World Airlines Face New Consolidations 


Consolidation and cooperation have become major influences on lntcrna- 
tion airline operation, and carriers not involved in partnership proceedings 
arc conducting long-range planning with a war)’ eye directed at Air Union 
and the proposed merger of Pan American World Airways and Trans World 
Airlines. 

European supporters of Air Union believe the Pan Amcrican-TWA merger 
would insure the establishment of the consortium of Alitalia, Air France, 
Lufthansa and Sabena. By the same token. Pan American and TWA are 
pointing at the competitive threat of Air Union as a reason why their merger 
should be approved by the U. S. government. 


ran American carries more passengers 
than the four prospective Air Union 
members combined. Adding TWA’s 
system to its network would strengthen 
this advantage. Consequently, Air 
Union associates feel that ratification of 
the organization’s treaty will result de- 
spite dissension caused by France’s re- 
jection of Great Britain as a Common 
Market partner. 

No Formal Bond 

Air Union has not, from the begin- 
ning, been formally tied to the Com- 
mon Market. 

‘‘We made it known,” one spokes- 
man said, “that we were not a fount 
from the Rome Treaty, which estab- 
lished the Common Market. We might 
in the future take in other Common 
Market countries, and possibly some 
non-liuropcan carriers. Our charter pro- 
vides for this, but only in the second 
phase of the operation." 

Few will hazard a guess as to when 
Air Union will become a reality. Ratifi- 
cation of its treaty by the four govern- 
ments involved-France, Italy, West 


Cermanv and Bclgium-will require 

Because Air France is the largest 
member airline, it has been generally 
conceded that once France approved 
the treaty the other governments would 
step in line quickly. But when France 
recently approved the treaty on a gov- 
ernment administrative level, it in- 
sisted on changes designed to stiffen re- 
quirements for the purchase of common 
types of aircraft. If accepted, such 
changes might promote orders from all 
members for the Anglo-French Mach 
2.2 transport. 

Other carriers, however, hope to hold 
off any orders for supersonic transports 
until they sec what U. S. manufacturers 
may offer. If France adopts a hard line 
in this respect, it could create obstacles 
to approval of the treaty by the various 
governments. 

Another point under debate is the 
distribution scale that would give Air 
France 34% of Air Union's profits, 
Lufthansa 30%, Alitalia 26% and 
Sabena 10%. 


Alitalia is now insisting in private 

entitles it to a share larger than tliat al- 
located when it was still in the latter 
stages of postwar recovery. Under one 
proposal, Alitalia would receive 4% of 
Air France’s current total, giving the 
three larger airlines an equal 30% split 
and leaving Sabena with the remaining 
10%. 

Another potential problem is KLM’s 
move to join Air Union. It is pressured 
in this effort by the Dutch government, 
which is disturbed by KLM's continu- 
ing losses and consequent need for sub- 
sidy. Readjustment of the profit sharing 
arrangement to include KLM could 
touch off dissension. Some would allo- 
cate KLM only 6% of total profits, a 
figure well below what the airline be- 
lieves it deserves, and reduce Sabena’s 
portion to 4%. 

Managerial Responsibility 

Air Union still has to decide on how 
managerial responsibility will be dis- 
tributed among the four carriers, and 
how much influence the various govern- 
ments will have in policy areas of Air 

Officials connected with Air Union 
stress that there is no plan to merge the 
airlines. Despite reports as to the Air 
Union’s eventual goals, these officials 
contend that each airline will retain its 
individual identity, fly its own equip- 
ment with little or no interchange and 
retain its own responsibilities in most 
areas, particularlv in the maintenance of 
aircraft. 
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This attitude stems partly from na- 
tional pride. Each nation wants to re- 
tain its own flag carrier for prestige. 
Another influence is realization that a 
merger would wreak havoc with the cur- 
rent bilateral rights structure, particu- 
larly so far as the United States is con- 
cerned. 

What Air Union would do, one offi- 
cial said, is to use the existing bilateral 
rights in a more rational way through 
coordinating frequencies, schedules and 
interline exchange, especially on the 
North Atlantic. 

Program Activation 

To speed Air Union’s activation, 
which has already dragged beyond ex- 
pectations, the four carriers will implc- 

ernments ratify the treaty, assuming 
that parliamentary approval in the vari- 
ous countries will follow without any 

Across the English Channel, the two 
British state-owned airlines are con- 
fronted with perplexities more immedi- 
ate than the rise of Air Union. British 
Overseas Airways Corp. and British Eu- 
ropean Airlines are redoubling efforts to 
cut costs as London’s share of trans- 
atlantic business declines, a result of the 
long-haul jets transport erasing its tra- 
ditional position as Europe’s major 
gateway. 

Possibility of a merger of BOAC and 
BEA remains obscured despite strong 
efforts in government circles toward 
this end. Some British aviation authori- 
ties feel the merger prospect may 
brighten if its chief opponent. Lord 
Douglas of Kirtleside, does not seek re- 
appointment when his term as British 
European chairman expires in Decem- 
ber of this year. 

BOAC is also under fire for its finan- 
cial practices. Investigation into BOAC 
financing is now under way by Minister 
of Aviation Julian Amcry, who criticized 
the carrier’s extensive write-down last 
November of its Britannia fleet (AW 
Nov. 12. 1962, p. 41). 

BOAC Equipment 

Sir Matthew Slattery, BOAC chair- 
man, retorted that the Ministry of Avi- 
ation has repeatedly refused to let the 
airline realistically depreciate the cost 
of its aircraft. 

The Ministry of Aviation has also 
directly influenced BOAC’s equipment 
policies and has pressured it into buy- 
ing associate companies which consist- 
ently lost money, Sir Matthew has 
charged. 

This is being interpreted as a move 
bv Sir Matthew to force the govern- 
ment to decide whether BOAC Is truly 
an instrument of national policy, and 
whether as such it should be compen- 
sated for losses arising from government 
influence. 


In the words of Sir Basil Smallpeice, 
BOAC’s managing director, business so 
far this year “continues to be disap- 
pointing.” 

Although BOAC’s January passenger 
traffic was up 5%, increases have not 
been sufficient to offset last year’s huge 
losses. 

Revenues, since BOAC’s financial 
year began April 1, 1962, have risen 
about S3 million to a record $196 mil- 
lion, Sir Basil said, but again the figure 


is not enough margin against potential 
1963 costs. 

BEA is likewise struggling to balance 
revenues and costs, after recording a S3 
million deficit last year on internal 
United Kingdom routes. For relief, the 
Air Transport Licensing Board ap- 
proved a 10% increase in fares on these 

Latest traffic-generation project by 
BEA is a walk-on service connecting 
London, Glasgow, Belfast and Edin- 
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SUPPLY THE POWER 


Supersonic airliners are being jointly developed by 
the British and French aircraft industries which will 
carry 100 passengers at more than twice the speed of 
sound. These aircraft will be powered by fourOlympus 
593 turbojets, whieh will produce a total of more 


Bristol Siddeley Engines Limited, and the Societe 
Nutionale d’Etude et de Construction de Moteurs 
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North Atlantic Traffic— 1962 



burgh, using a one-third fare cut as a 
passenger incentive. While not a shut- 
tle in the sense of Eastern Air Lines’ 
U. S. operation, the proposed service 
does offer the low fares only to those 
persons who are willing to stand by and 
take the scats that are left over by 
reservation travelers. 

Market Expansion 

Tlie experiment, to run from April 
through October, has been approved 
by the licensing board, which shares 
BEA’s hope that a market expansion 
will result to ward off the need for fur- 
ther increases in fare levels. Increase 
in available tourist scats on the London- 
Bclfast route would be 17%. the Lon- 
don-Glasgow run 21%, the London- 
Edinburgh 26%. 

Stabilization is evident in the British 
independent airline situation, held in 
line by stiff government insistence on 


proof of financial stability before routes 

Still, the independents stand to reap 
a sizable share of tourist charters and 
government military contracts within 
the next few years. British United Air- 
ways, the largest of the 16 independ- 
ents. is buying four Vickers VC. I Os for 
African service and 10 BAC 1 1 1 short- 
haul transports. 

British United, owned primarily by 
surface shipping interests, carried 1 .7 
million passengers in 1962, 89.000 tons 
of freight and 141,700 vehicles. Its car 
ferry service, using Bristol freighters and 
the Carvair DC-4 conversion, is ex- 
pected to double in volume next year 
on routes to the Continent. British 
United's financial statistics filed with 
the British Board of Trade indicate 
that the airline netted about S2 million 
last year. 

Although the independents are solidi- 
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tying their position, pressure exists that 
would keep them from competing di- 
rectly against the two state-owned air- 
lines. They face restriction from the 
Minister of Aviation, whose office 
blocked Cunard Eagle's attempt to com- 
pete with BOAC on the North Atlantic. 

M. D. N. Wyatt, chairman of British 
United, said it is questionable whether 
the independents can survive in regu- 
lated competition against the two state- 
owned corporations. They must seek 
their own financing while the govern- 
ment supports BOAC and BEA with 
as much consideration for national 
prestige as for commercial practicality. 
Furthermore, the independents must 
bargain for financing in an English 
money market where lenders regard air- 
craft as costly, hazardous items with all 
the credit security of a tramp steamer. 

Both the state and independent air- 
lines arc watching with interest a “get 
tough" policy in British negotiations for 
bilateral rights. First indication was de- 
mands on the Israeli carrier. El Al, 
Britain asking for more concessions in 
Israel if El Al expects to continue its 
present fifth freedom rights through 
England (AW Feb. II. p. 47). This 
shift indicates Britain's concern over its 
currently diminishing role as European 

Independent Ireland’s Irish Interna- 
tional Airlines continues to burgeon. 
Its 80.327 transatlantic passengers in 
1062 represented a 47% increase over 
1961. and its 59.1% load factor was the 
highest among North Atlantic carriers. 
The airline is shooting for $3,640,000 
in additional revenues in 1963. and 
S23.200.000 of its forecast $33,600,000 
in revenues is targeted to come from 
abroad. 

Faced with added BEA competition 
in Europe, the Irish are counterbalanc- 
ing it to a degree with new car fern- 
services from Britain to Ireland, a serv- 
ice it may extend from Dublin to Chcr- 
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In every overseas market, the unre- 
lenting diversion of passengers out of 
first class into the economy sections 
makes profits elusive in spite of larger 
volumes. Trans-Canada Air Lines, for 
example, which in 1961 reduced fares 
to boost volumes, had to ask for an up- 
ward adjustment of rates on its domestic 
routes last year. The move increased 
its return per passenger mile from 3.8 
ants in 1961 to 6.04 cents in 1962. 
Of TCA’s 4 million passengers in 1962, 
87% rode economy. At year end, 
Trans-Canada could only report that its 
deficit, compared to 1961, was “sub- 
stantially reduced.” 

Future of the Caribbean market is 
awaiting new route arrangements aris- 
ing from the recent independence of 
Trinidad and Jamaica. British West 
Indian Airways (BWIA) was sold by 
BOAC to Trinidad and Barbados and 
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may be reorganized into a smaller, inde- 
pendent carrier serving island points 
without any U.S. linkage. 

Puerto Rico continues to be the main 
Caribbean traffic center, accounting for 
the major part of Trans-Caribbean Air- 
ways' 65% increase in passengers during 
January. However, practically all of the 
New York-Pucrto Rico traffic travels on 
fares as low as S57.75 for the 1,612 mi. 
trip. Pan American credited Puerto 
Rico with providing half of its 1,522,- 
000 Latin American Division travelers 
in 1962, but said “the low fare fails to 
offset mounting costs in flight opera- 
tion, maintenance, aircraft and traffic 

Talk of a South American air union, 
involving five airlines, arose during 
1962, a year which brought little if any 
change in the financial welfare of car- 
riers engaged in the highly competitive 
struggle that still characterizes South 
America's airline industry. 

Prospect of a consortium is unlikely 
because of the strong individualism of 
South American nations. Even those 
who have been approached by Avianca 
indicate only mild interest, feeling such 
a project would founder in the early 
stages of deciding how administrative 
control and profits would be allocated. 

Panagra’s effort to extend its routes 
into the U. S. has been handed back to 
the Civil Aeronautics Board by the Su- 
preme Court. 

In the Pacific, airlines arc anxiously 
awaiting the lifting of Japanese govern- 
ment restrictions on foreign expendi- 
tures. Tourism out of Japan has been 
insignificant since World War 2, since 
air travel outside the country, except 
for business or government purposes, 
cannot be paid for with yen. 

“Japan’s economy is growing to the 
extent -where international banking 
sources are starting to call for a halt to 
such monetary restrictions,” one spokes- 
man said. “But no one can estimate 
now whether the ban will be lifted in a 
year, two years or when.” 

Officials of airlines flying Pacific 
routes believe there is a rich potential 
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of tourist travel to be tapped in Japan, 
volumes that would balance the heavy 
flow of traffic into the island nation. 

Japanese banks, in a variation of the 
"go now, pay later” travel credit plan, 
are promoting “pay now, go later ’ ac- 
counts for those who wish to save to- 
ward the day when they can travel. 

Despite the restrictions, Japan Air 
Lines' transpacific traffic was 5-10% 
higher in 1962. Additional DC-8 ac- 
quisitions will enable the Japanese car- 
rier to increase frequencies to the U. S. 
to 1 1 weekly this vear, four more than 
in 1962. Japan Air Lines is watching 
the CAB's Pacific Route Case with in- 
terest, and would probably gain added 
concessions into the U.S. if Pan Ameri- 
can were awarded improved service, 
snch as non-stop New York to Tokyo 
authority. 

While 1962 did bring some relief 
from the heavy losses of 1961 to carri- 
ers throughout the world, the majority 
of foreign flag airlines could only report 
that their deficits were smaller. Al- 
though 1963 is expected to bring fur- 
ther passenger incrcascs-approximatcly 
13% worldwide— continued heavy com- 
petition, overcapacity and cost factors 
outside airline control will probably 
keep revenues or earnings below desired 
levels. 

International Air Transport Assn, re- 
ported an 18.4% gain in transatlantic 
volumes in 1962, with 2,272,163 pas- 
sengers carried. But average load factor 
was 51.6%, only half a percentage point 
over 1961, as flight frequencies in- 
creased to 39,052, a 14.1% increase. 

Within Europe, the 14 member air- 
lines of the Air Research Bureau con- 
tinued deficit operations on intra- 
European networks. Shooting for an es- 
timated breakeven load factor of 60% 
in 1962, they managed only to match 
the previous year's 55.4%, reflecting an 
1 1 % gain in available scat miles. Most 
active area was on routes to the Iberian 
Peninsula, particularly Spain, where a 
47% increase in capacity was accom- 
panied by a 40% growtli in passenger 
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FIRST BOEING 707-320C jet cargo transport— scheduled for delivery to Pan American— makes its initial flight. 


Carriers Begin First Move Into Jet Cargo 


By James R. Ashlock 

New York— Widespread evaluation of all-jet cargo aircraft is under way 
against a backdrop of continuing increases in freight volumes and the com- 
petitive threat posed by carriers that "ill put these all-jet cargo aircraft into 
service this year. 

Universal sharing of air cargo’s growth, because all operators use generally 
the same type of aircraft, is expected to diminish as the jet freighter fleet 
expands and wins a larger proportion of long-haul carriage. 


While the jets may absorb a greater 
part of the market, consensus is that the 
improved service they represent will also 
promote continued growth of over-all 
cargo volumes. Air cargo ton miles 
throughout the world in 1962 totaled 
2,020 million, a 19% increase over 
1961. International Air Transport Assn, 
is forecasting that 1963 s volume will 
rise another 20%. 

On the North Atlantic, 18 carriers 
lifted 87,600 tons of freight in 1962. a 
27% increase over 1961. 

On U.S. domestic routes, trunkline 
freight revenue ton miles in 1962 rose 
19% to 473,954,000. The ton-mile 
total for all domestic carriers— including 
local service, helicopter, all-cargo, intra- 
Alaskan and Hawaiian— was 629,390,- 
000, an increase of 18.8%. Domestic 
trunk mail ton miles increased 9.7% 
and express 12.5%. 

Seven airlines have firm orders for 19 
jet freighters. The breakdown: 

• Douglas DC-8F— Trans-Canada Air- 
lines ordered five, Trans Caribbean Air- 
ways two, Capitol Airways one, and 
Trans International Airlines one. 

• Boeing 707-320C— American Airlines 
ordered four, Pan American World Air- 
ways three, and World Airways three. 


Flying Tiger Lines has a tentative 
order for two DC-8Fs, and Pan Ameri- 
can may acquire as many as three more 
Boeing 320C long-range cargo jets. 

Cargo managers who must compete 
against this equipment with converted 
Constellations, DC-7s and turboprop 
freighters arc voicing obvious concern. 
Some are telling their managements 
that unless they obtain jet cargo aircraft, 
business will be lost. 

Impact of the cargo jets will be great- 
est in the transcontinental and transat- 
lantic markets. Because of their greater 
capacity and speed, jets can wait longer 
into the night for their loads, giving 
shippers more time to assemble con- 
signments without compromise on 
destination arrival time. Their smaller 
ton mile operating costs, as opposed to 
piston planes, may ignite campaigns for 

“The freight shipper is only inter- 
ested in service," one trunkline cargo 
official said, "and those with the jets 
can give better service." 

Another major trunkline cargo opera- 
tor whose airline remains undecided on 
jet freighters is already forecasting his 
losses in mail and express, which he 


describes as “the cream off the top.” 

Arrival of the jets brings complica- 
tions for both all-cargo airlines and car- 
riers catering to passengers and cargo. 

Those relying on cargo and charter 
passengers have been told by the Mili- 
tary Air Transport Sendee (MATS) that 
turbojet operators will be favored for 
military personnel movements, vital bus- 
iness in this field. 

Although Flying Tiger is concerned 
to the point of trying to buy jets, and 
Slick Airways is looking at the available 
models. Richard M. Jackson, president 
of Seaboard World Airlines, is reacting 
differently. He said recently that cargo 
volumes don’t yet justify the capacity 
and high utilization requirements of 
the jets, and that they will have very 
little effect on transatlantic cargo busi- 

Jackson said that the slight cost ad- 
vantage of jet cargo planes over the 
CL-44 becomes meaningless unless suf- 
ficient payload is generated. The cargo 
jet’s added speed may bring excessively 
low utilization, he said, and its noise 
may subject it to airport restrictions 
against late night takeoffs. 

“It is improbable that anv one North 
Atlantic airline can operate all-cargo 
jets successfully in commercial sendee 
for years to come.” Jackson said, ‘'pri- 
marily because none has developed suf- 
ficient cargo revenues to warrant the 
high capital expenditures and operating 
costs of a cargo operation.” 

Jackson credits the CL-44 with help- 
ing Seaboard to reverse its losses, which 
totaled SI 4.5 million between 1957-61, 
into a $900,000 profit on 1962 gross 
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revenues that totaled about $23 million. 

Few if any challenge Jackson’s reason- 
ing so far as the present is concerned. 
I lodging against the risk of overcapacity 
is indicated by the fact that all buyers 
of cargo jets, except for American, are 
obtaining convertible models adaptable 
to either passenger or cargo use. Trans- 
Canada’s first service with a DC-8F, 
scheduled to begin this month on trans- 
atlantic schedules, will feature 117 high- 
density passenger seals and space for 
8,000 lb. of palletized cargo. 

The airline savs one or more of the 
five DC-8Fs it has ordered may be con- 
verted to all-cargo configuration, if and 
when the demand warrants it. 

Most cargo authorities agree that 
when jet size volumes do develop, those 
in the best position to capitalize on 
them will be the carriers who started 
preparing soonest. American has made 
the fastest, and most extensive, start in 
the domestic market. Its initial all-jet 
cargo service, slated for inauguration in 
November, will be with an all-cargo 
Boeing 320C. 

Pan American in the transoceanic 
field, is likewise optimistic, having an- 
nounced that it will put one of its 
three Boeing 320Cs in all-cargo service 
between Japan and San Francisco in 
May. The other two are scheduled for 
transatlantic service. Pan American 
flew 200 million cargo ton miles in 
1962, a record 22.2% increase. Its 
North Atlantic volume alone rose 
25.5% over 1961. 

World Airways, a supplemental car- 


Air Cargo in Scheduled Service 1961-1962 




TRANS CANADA AIRLINES took delivery this year of the first DC-8F convertible jet cargo-passenger version. 
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CARGO CARRIED IN SCHEDULED SERVICE 



1962 INCREASE OVER 1961 


ricr, is going after MATS business on 
Pacific routes, planning to use its three 
Boeing 320Cs to link the West Coast 
with Honolulu, Wake. Guam, Manila, 
Saigon, Bangkok, Tokyo and Okinawa. 
Trans-Caribbean, with two convertible 
DC-8Fs, can capitalize on the rapidly 
growing demand for both cargo and 
low-fare passenger service between the 
U. S. and such island points as Puerto 
Rico. 

Difficult Decision 

Decision to invest upwards of S7 mil- 
lion apiece on cargo jets isn't an easy 
one for airline managements to make, 
and cargo officials of many carriers are 
finding their boards of directors skep- 
tical. 

Even though cargo is exceeding pas- 
sengers in annual growth percentage, 
the men who control the financing still 
note that the 2 billion cargo ton miles 
flown worldwide in 1962 was far below 
the 81.5 billion passenger miles in the 
same period. They also wonder at the 
need for jet freighters when 70% of 
most airlines’ total cargo volumes is 
carried on passenger jets. 

This hesitancy to assume added 
equipment debt based on cargo's poten- 
tial is, in one sense, viewed as an advan- 
tage for the over-all cargo business, since 
it may stem the threat of an over- 
capacity situation developing like that 
on the passenger side. 

However, more cargo jets will be or- 
dered. with United Air Lines' order for 
DC-8Fs the latest in the series of pur- 
chases. R. L. Mangold, vice presi- 
dent of cargo sales for United, has said 
that his airline will not sacrifice a com- 
petitive advantage in the cargo market. 

United, whose transcontinental cargo 
volumes are complemented by a strong 
shorter-haul, high-dollar business on ex- 
tensive regional routes, reports volume 
rose about 28% and revenues 19% in 
the past year. 

Cargo Growth Rate 

Mangold isn’t anxious to lose any of 
this growth to American’s jets, which 
in 1964 will undoubtedly bring Ameri- 
can a greater cargo growth rate than 
even the 22% increase in 1962. Ameri- 
can’s freight revenue ton miles totaled 
153,747,000 in 1962. 

Trans World Airlines is in the unen- 
viable position of watching both Pan 
American and American equip for jet 
cargo service in both of the markets 
TWA serves, transatlantic and trans- 
continental. With its passenger jets, 
backed by six weekly North Atlantic 
Constellation cargo schedules and one 
cargo flight daily across the U. S., TWA 
has more than doubled its cargo vol- 
umes in the last three years. Cargo, on 
an annual basis, is accounting for as 
much as 20-25% of TWA's transatlan- 
tic revenues. 


In 1962, TWA flew 64,524,000 ton 
miles of freight, mail and express across 
the Atlantic, a 44.2% increase over 
1961 resulting in a 33% rise in trans- 
atlantic cargo revenues. Including its 
domestic service, TWA’s systemwide 
cargo volume was 21.3% higher in 1962 
and revenues rose 18.8%. 

Continuance of this growth may be 
stunted considerably by the competi- 
tion’s jets, and TWA’s management is 
trying to find ways, despite the carrier’s 
heavy debt burden, to finance cargo jet 
acquisition. 

Among foreign flag carriers, question 
marks still exist so for as turbine-pow- 
ered freighters are concerned. Alitalia’s 
interest in the DC-8F is generally 
known, but its equipment plans are 
contingent on whatever aircraft agree- 
ments are adopted by Air Union. The 
same applies to its Air Union partners, 
Lufthansa, Air France and Sabena. 

British Overseas Airways Corp.’s con- 
sideration of the CL-44 remains shelved 
while attention is devoted to improving 
the carrier’s over-all financial picture. 


In the Pacific market, Japan Air Lines 
may buy at least one DC-8F. 

Evidence of the growing cargo busi- 
ness between the U. S. and Japan was 
Northwest Orient Airlines’ 31,824,000 
ton miles of freight flown in 1962, 
53.8% boost over 1961. Northwest's 
express ton miles jumped 56% in 1962, 
and mail ton miles rose 21%. 

Rate Battle 

Rate battle between those wanting 
further rate reductions to spur more 
volume, as opposed to those who say 
rates are low enough for the service 
offered, is continuing. 

Some extra business is expected from 
the new IATA rates that become effec- 
tive in April— rates that offer advan- 
tages for frequent high volume shippers. 

But domestically, a general sense of 
uneasiness is evident over some efforts 
to drive the rate level even lower. Fly- 
ing Tiger is making a strong bid for busi- 
ness with what it calls "the lowest air 
freight rates ever offered to shippers," 
approximately 6 cents a ton mile. 
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U. S. Local Service Airlines 



Subsidy Cut Threatens Class Mail Gains 


By Robert H. Cook 

Washington— Local service airlines face a crucial turning point this year 
as mounting pressures for drastic subsidy reductions dampen the industry’s 
prospects for future growth. 

Despite more than a decade of steady progress, the small “grass roots" 
carriers have been unable to achieve any significant lowering of the subsidy 
rate, which currently provides the industry with $5 for every $10 earned 
from the carriage of passengers and freight. 

Measured in terms of available seat 
miles, the local carriers now provide 
about S0% more service for each SI of 
subsidy than they did 10 years ago. Be- Route awards h< 
tween 1951 and 1961 their undupli- percentage of 

cated route miles expanded from 2S.500 

to 52,000 with available seat mile costs 
held constant, or even lowered in some 
eases, as compared with 1951. 

While these statistics are a source of 
pride to the local service airlines, they 
have been lost on subsidy critics who 
counter that the industry achieved only 
a 42.5% load factor last year against 
a 68% break-even requirement. In 
1951 subsidy payments per load factor 
point averaged $500,000 compared to 
SI. 6 million last year. The industry's 
5.5% gain in average load factor during 
this period was made at a subsidy cost 
of about S9 million per point. 

Neither new route awards nor pur- 
chase of new aircraft, accepted, though 
sometimes with reluctance, by the Civil 
Aeronautics Board as prerequisites 


any positive sign of lowering the subside 
bill. 

included a high 

quiring heavy subsidy support. The new 
aircraft have proved efficient and eco- 
nomical only in high density traffic areas 
wnich account fora small percentage of 
the local service market. Reflecting the 
cost impact of the flight re-equipment 
program are direct operating costs per 
aircraft mile that 10 years ago averaged 
only 46 cents but today are 97 cents. 

President Kennedy’s directive to the 
CAB last year that a program be de- 
veloped with annual targets for a sharp 
reduction in operating subsidies spurred 
these developments: 

• Class mail rate subsidy formula re- 
vision, begun by CAB to reduce record 
profits and subsidy earned by locals last 


eventual subsidy reduction, has shown S35 million by 1970, with paym 


formulated through a comparison be- 
tween the value and subsidy cost of 
local airline service as compared to other 
subsidized transport and non-transport 
businesses. The local carriers would be 
limited to a strict annual dollar budget 
requiring that operations be adjusted to 
meet customer demand. The latter is 
currently being accomplished, partially, 
through use of the class mail rate sys- 
tem. 

• Alteration in strategy by the local car- 
riers. Past campaigns have emphasized 
the need to drop nearly 25% of their 
unproductive points under the Board's 
Usc-It-or-Lose-It program. Current 
thinking is that these points, numbering 
about 125, should be retained. The 
carriers feel they could cam sufficient 
new revenue to offset the subsidy cost 
if the CAB would award them access 
to more cities being dropped by the 
trunks, and in addition, authorize the 
small carriers to compete directly against 
the trunks in high density traffic areas. 

• Developing controversy over the 
third level type of carrier. Previous local 
carrier insistence that CAB .accelerate 
the Use-It-or-Losc-It program and drop 
subsidized service to many small com- 
munities helped to spawn this new class. 
Now the locals contend that if such 
service is approved by the CAB, they are 
better qualified to provide it. A third 
level type service would use light twin 
aircraft to provide scheduled service to 
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small cities facing loss of service, and 
to many others which have never had 
airline sendee. 

• Exploration by CAB and the local 
service carriers of development of new 
aircraft suitable for primary use on low 
density traffic routes. Such aircraft 
would have a direct operating cost per 
plane mile well below that of the DC-3. 

Optimism which initially engulfed 
the local carriers during early use of the 
class mail rate subsidy formula is fast 
receding as the airlines face significant 
cuts in subsidy and profits under the 
proposed revisions. 

Basically a method of limiting sub- 
sidy to a CAB determination of ade- 
quate scheduling over route segments, 
the class mail rate increased the in- 
dustry's net operating income from 
S2.1 million in 1960 to $9.3 million 
the following year and to $13.9 million 
last year. Net profit after taxes and 
interest increased from $1.9 million 
prior to introduction of the class rate 
to $4.8 million in 1961. 

CAB’s subsidy reduction program 
began with a revision to the rate effec- 
tive Jan. 1. It calls for a set scale of sub- 
sidy rates per available seat mile on a 
formula which would produce a gross 
subsidy bill of $69 million this year. 
Following this revision, described as 
halting the upward trend of subsidy, 
the Board has planned a second revi- 
sion, effective July 1, which will pro- 
vide an automatic reduction in subsidy 
scale per available seat mile. 

This rate will reduce the industry’s 
gross subsidy bill by SI -5 million and 
leave a net subsidy total of S66 million 
after profit sharing provisions of the 
formula have been made. Thus, the 
revision amounts to a S3 million cut. 

Maximum subsidy rates of 2.82 
cents per available seat mile on a DC-3 
and 1.926 cents for other aircraft will 
be paid under the July revision on an 
aircraft departure schedule of 4.75 a 
day. Scat mile rates reach their lowest 
point at the maximum allowable eight 
departures a day. 

Net effect will be to force a general 
reduction in local service scheduling. 
As a balance the local carriers are 
likely to seek CAB approval to overfly 


many points in an effort to schedule 
longer, more profitable flights. 

Concerned that subsidy may be 
withdrawn at a rate that could damage 
both its financial condition and ability 
to provide short haul sendee, the local 
carriers have appealed to CAB to ap- 
proach subsidy reduction in this man- 

• Authorize the local carriers to serve 
dense, short haul markets on a non- 
competitive basis, and speed the trans- 
fer of several medium sized cities to the 
local sendee system. 

• Permit more competitive nonstop 
sendee by local sendee airlines in the 
largest traffic producing market areas. 
An area-by-area investigation could 
identify the markets where this type of 
authorization would reduce subsidy 

• Go slow in Use-It-or-Lose-It proceed- 
ings to ensure that the intent of Con- 
gress for adequate local sendee is being 
met and avoid the demand for a sepa- 
rate third-level network. Isolation of 
the community in question should be 
considered. In addition, the average 
length of haul should be reviewed to 
see whether the total passenger miles 


generated by the station arc substantial. 

• Continue the Regional Airport In- 
vestigation. Local carriers feel that 
economics can be achieved under this 
program of consolidating area airline 
facilities. 

For their part, the local carriers 
should establish: 

• Joint service cost committee seeking 
to reduce over-all labor costs. The com- 
mittee, to operate on a continuing 
basis, would also explore the use of a 
central reservations system. 

• Airport committee to seek a more 
equitable formula of airport fees for 
local carriers operating at larger air- 
ports. To encourage this goal, the Fed- 
eral Aviation Agency should set fees 
for subsidized airlines wherever it has 
authority. 

In general, the local carriers believe 
that if the CAB would permit them to 
sene 10-15% of the domestic revenue 
passenger miles, as opposed to only 
4.2% in 1961, the entire local sen-ice 
route system would be adequately 
sened and there would be little con- 
troversy over subsidy. 

Meanwhile, the third level carriers 
have filed 18 applications for certifi- 
cates with the CAB. The first of these 
applications, by Hi-Plains Ainvays for 

jected by a CAB examiner last year. 
The case has not been taken under 
consideration by the full five-member 
CAB, but the examiner's decision, 
combined with the current program to 
reduce subsidy, may influence the fate 
of the remaining applicants. 

Examiner Richard A. Walsh based 
his rejection on grounds that Hi-Plains 
would require at least $1 million in 
subsidy to provide the sendee with a 
fleet of 1 1 Aero Commander 500B six 
place aircraft. Over-all subsidy costs 



AERO GRAND COMMANDER fuselage is stretched 6 ft. 2 in., scats 11. 
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could go higher, he said, because of the 
resulting diversion from local service 
airlines. Central Airlines asked that it 
be granted the third level certificate 
if the examiner considered such serv- 
ice necessary. 

Now, six air taxi operators, forming 
the National Assn, of Third Level Air- 
lines, seek to provide, without subsidy, 
scheduled service to communities 
which have inadequate service, or none 
at all. The association includes Trans 
Air Lines, Tag Airlines, Henson Avia- 
tion, Apache Airlines and Executive 
Airlines. They propose "all-weather 
service" on a scheduled basis, providing 
the airfield can handle IFR flights. 

Certification as third level carriers 
would give the members a degree of 
official recognition which would en- 
hance their financial standing in the 
industry, the association contends. In 
addition, the organization feels it could 
build higher traffic volume for the en- 
tire airline industry by serving many 
new. unserved points. 

Many local service airline officials fear 
these smaller carriers might accept certi- 
fication without subsidy, only to request 
it later. 

Although the association says that its 
members have no particular aircraft pref- 
erence, Aero Design has been the lead- 
ing contender for their business. Aero 
has rolled out its Grand Commander, a 
10-placc aircraft designed for third level 
and air taxi use. The airplane would 
have a direct operating cost of 30 cents 
per aircraft mile, with one pilot. 

CAB's problems in managing sub- 
sidy payments have been complicated 
by the problem of local service orders 
for turbojet-powered BAC Ills for use 
on high density operations. Mohawk 
Airlines has ordered four of the British 
aircraft, which it will finance privately. 
CAB rejected Bonanza Air Lines’ guar- 
anteed loan application for three. 

Alan S. Boyd, CAB chairman, has 
warned the local carriers against expan- 
sion into trunkline areas and the pur- 
chase of larger equipment to handle 
such routes. His stand is interpreted as 
an indication that the Board has no in- 
tention of permitting local sendee com- 
petition in trunk markets. 

In a letter to Mohawk Airlines Presi- 
dent Robert Peach. Boyd criticized the 
BAC 111 order as premature and 
fraught with substantial risks in the light 
of Mohawk’s 10 point load factor drop 
to 48 % after the airline switched to 
higher capacity Martin and Convair ait- 
craft— this in "spite of a 400% gain in 
revenue passenger miles. Boyd added 
that the CAB was putting Mohawk on 
notice that it will not permit subsidy to 
bear any added burden of operating the 

Replying, Peach said that there was 
an apparent misunderstanding since the 
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BAC 1 1 1 purchase was intended to re- 
duce, not increase subsidy requirements. 
The order was placed only after careful 
consideration of the risk involved and 
was necessary for Mohawk to remain 
competitive, he said. 

Scheduled for delivery beginning in 
1966, the hvin-jet aircraft will connect 
several of Mohawk's larger cities with 
New York. Available scat mile costs on 
flic aircraft are estimated at 2.39 cents 
as compared to 2.55 cents on the com- 
pany’s present piston engine aircraft. 

Bovd's opposition to focal service en- 
try into trunk markets, his letter to Mo- 
hawk, and CAB studies on a possible 
replacement for the DC-3 arc considered 
indications that, while the Board may 
go ahead with subsidy reductions, it wifi 
be careful to control the rate of reduc- 
tion and retain a maximum amount of 

Here are the rough specifications 
which CAB considers necessary in any 
DC-3 repl cc c t 

• Prices including electronics. S300,- 
000. preferably closer to 5400,000. 

• Capacity for 24 passengers, and space 
for 1,000 lb. of cargo. 

• Fuel capacity to permit four inter- 
mediate stops on stage lengths of 500 
mi. with no more than one refueling. 

• Runway leugth requirement of no 
than 4,000 ft. 

• Direct operating cost per plane mile, 
including depreciation, of under 60 
cents for an 80-mile stage length. 

An aircraft design study committee 
of the Assn, of Local Transport Airlines 
has also been working on a proposed 
replacement, which has these specifica- 

• Capacity of 18 passengers, plus bag- 
gage and 1 .000 lb, of cargo. 

• Maximum runway length require- 
ment of only 3.000 ft., and under 1.000 
ft.— STOL capability— if feasible. 

• Direct operating cost per plane mile 
of not more than 40 cents, based on a 
51 hr, day utilization over an average 
stage length of 80 mi. 

• Range with full payload and required 
fuel reserves of 500 mi. with three in- 
termediate stops. 

Allegheny Airlines President Leslie 
O. Barnes, who is chairman of the com- 
mittee. believes that development 
funds may be required cither from the 
manufacturer or from a government 
agency. 

Greatest need is for a replacement to 
serve the many smaller points on the 
local service system since the denser 
long haul routes arc being adequately 
served by Martins. Convairs and F-27s. 
lie contends. Even replacement of these 
aircraft with larger, more modern equip- 
ment would he desirable, lie said, be- 
cause profits from this level could be 
used to offset subsidy requirements from 
less productive markets. 


SELENI A RADAR SYSTEMS 
ARE USED IN THE MOST 
PROGRESSIVE COUNTRIES 

IN THE WORLD 



AVIATION WEEK & 


TECHNOLOGY, 


I, 1963 


177 






NEWEST ADDITION to Aeroflot equipment under development is the 11-62. Powered by four rear-mounted 23.000 lb. bypass turbojet 
engines designed bv N. D. Kuznetsov, it has capacity for 182 passengers. Configuration of the 11-62 bears considerable resemblance to 
British Vickers VC.10. Range of 11-62, to enter sendee soon, is sufficient to fly nonstop Moscow to New York. Russians claim. 


Excess Capacity Tempers Aeroflot Growth; 


Excess capacity is not solely a problem of capitalist airlines, Russia’s Aero- 
flot demonstrated last year. Traffic reached another peak but fell short of 
planning goals, and empty scats multiplied at an unprecedented rate. 

Furthermore, the state owned and operated carrier ran into other prob- 
lems, capitalist and noncapitalist style. Delays were met in introducing the 
new Tu-124 turbofan and An-24 turboprop transports. There were com- 
plaints over concentration on supersonic transports or on big, long haul trans- 
ports at the expense of turbine-powered short-haul transport development. 
And unusually bad summer weather at key cities forced many flight cancel- 
lations at normally heavy traffic periods. 

Excess airline capacity, like any sur- 
feit of consumer goods or services, is a 
rare phenomenon in the USSR. The 
Communist carrier attempted to meet 
this unfamiliar situation with un-Marx- 
ist remedies: more advertising and pro- 
motion, and wholesale price cutting. 

Continued lowering of passenger 
fares, which are already equal to or be- 
low railroad tariffs on many routes, has 
put Aeroflot in a profit squeeze. As re- 
cently as 1959, when Aeroflot was lit- 
tle concerned about empty seats, what 
the carrier described as transportation 
profit was only about 1.4%. 

Aeroflot has grown enormously since 
1959, permitting substantial economies 
through increased traffic volume. But 
along with a 130% increase in the 
"amount of transportation performed” 
in the 1959-1962 period, there was an 
80% jump in capital investment and 
the steadily-eroding rate structure. 

S. Kosobrevev, identified as a senior 


expert in the USSR's State Economic 
Council, has clearly indicated that Aero- 
flot is encountering difficulties in pro- 
viding a return on its mushrooming 
capital investment. His recent article in 
the Russian airline's official house organ 
Grazhdanskava Aviatsiva was titled: 
“Bigness Still Doesn't Mean Profitable- 

Aeroflot undoubtedly had bigness as 
it marked its 40th anniversary on Feb. 
9, 1963. In celebrating the event, 
Soviet publications boasted time and 
again that Aeroflot is the largest airline 
in the world from almost ever)’ stand- 

Last year the carrier handled about 27 
million passengers, compared with 21.8 
million in 1961, 16 million in 1960, 
and 12.2 million in 1959. But Aeroflot 
missed its 1962 goal of 30 million pas- 
sengers by a wide margin. 

During the first half of 1962, Aero- 


flot carried 29% more passengers and 
9% more cargo than in the same 1961 
period. Even so, it fell slightly short of 
its passenger quota and met its cargo 
tonnage goal by only 88%. 

Frequency of Aeroflot flights between 
Russia's largest cities last year remained 
low by American standards— a maximum 
of 1 5-20 roundtrips daily. 

Aeroflot concedes that some of its 
personnel believe traffic goals for 1962 
and following years were set too high. 
Nevertheless, carrier officials remain op- 
timistic that long-range traffic targets 
will be achieved. 

Last summer. Aeroflot claimed it han- 
dled 120.000-150,000 passengers daily 
during peak traffic periods. A rate of 

150.000 daily, if maintained, would 
equal nearly 55 million passengers an- 

Lcss than a year before, in the fall of 
1961, Premier Khrushchev placed Aero- 
flot's maximum daily capacity at 

100.000 passengers. 

More than half of Russia's long- 
distance passengers moving along main 
travel routes now go by air, according 
to Grazhdanskava Aviatsiva. This total 
is expected to reach 80% in the next 

Aeroflot's targets for 1963 are 35 mil- 
lion passengers and a 33.5% increase in 
ton-miles flown as compared to 1962. 

The passenger goal indicates a slack- 
ening in Aeroflot's rate of traffic growth. 
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RANGE OF AEROFLOT'S existing and soon-to-be introduced turbine and piston engine equipment is evident from this ramp display. 
Included is the turbofan-powered Tu-124 (center, upper row), and its size is indicated by the Tu-104 to the left and 11-18 (right). 
Long-range Tu-114 is parked in background (top. left). In foreground (from left) are the An-lOA, An-14, An-24 and Mi-4 helicopter. 


Traffic Falls Short of Goal 


However, the Soviet pace is still much 
faster than the airline growth rate in the 
United States and oilier Western na- 
tions with highly-developed air trans- 

Premier Khrushchev reported that 
the Soviet Union topped its target for 
air passenger traffic during the first four 
vears of the current Seven-Year Plan 
(1959-1965) despite the unfulfilled 1962 

Aeroflot still hopes to carry 50 million 
passengers annuallv in 1965. last sear 
of the Seven-Year Plan. This would re- 
quire increases of about 7.5 million pas- 
sengers annually in both 1964 and 1965. 
assuming that this year's target of 35 
million passengers is reached. 

1980 Traffic Goal 

Traffic goal for 19S0 is 200 million 
passengers annually. By that time. Aero- 
flot hopes to handle up to a million 
passengers daily during peak traffic peri- 
ods and to be serv ing about 4.000 cities 
and towns in the USSR. 

As it reached its 40th anniversary. 
Aeroflot said that it has 24S.400 mi. of 
domestic routes and over 62,100 mi. 
outside the USSR. 

By early 1963, Aeroflot was flving to 
29 foreign capitals. Most important 
new service is the 6,769-mi. run be- 
tween Moscow and Havana, which was 
inaugurated in January with four 
turboprop, 1 70-passcngcr' Tupolev Tu- 


ll 4s. Direct airline agreements re- 
cently signed by the Soviet Union with 
Iraq and Syria authorize two more in- 
ternational services for Aeroflot: Mos- 
cow-Baghdad and Moscow-Damascus. 
Twentv-one foreign airlines now flv 
into the USSR. 

Aeroflot’s hopes for entry into the 
United States. Japan and Brazil did not 
materialize during 1962. But the Soviet 
carrier continued its penetration of 

Four-turboprop Ilvushin 11-1 8s are 
now flying from Moscow to Accra. 
Ghana, via Belgrade. Yugoslavia: Rabat. 
Morocco: and Conakry. Republic of 
Guinea. The 6.586-nii. run is covered 
in 20 hr. In June. Aeroflot inaugurated 
weekly 11-18 service from Moscow to 
Khartoum, the Sudan, via Cairo. 

Tu-1 14s last July surveyed a Moscow- 
Havana route via Belgrade and Conakry, 
where a large new airport has been com- 
pleted with Soviet aid. However. Aero- 
flot decided to make its first regular 
Moscow-Havana flights nonstop via the 
North Atlantic instead of via Conakry’ 
and the South Atlantic. 

In publicizing its new foreign routes. 
Aeroflot disclosed that its long-range 
plans call for a much larger percentage 
growth for international passenger traf- 
fic th in for domestic business. 

The Russian carrier expects to fly 
80-90 times as many passenger-miles in 
1980 as in 1960 on international routes 


and to sene most of the capitals and 
large cities of the world. Domestic 
passenger-miles, while showing a far- 
larger absolute growth in the 1960-1980 
period, are expected to increase only 
18-20 times. 

The 182-passenger Ilyushin 11-62, 
which was first unveiled to the public 
last September, is expected to play a 
major role in expanding Aeroflot’s long- 
haul international sendees. 

Powered by four aft-mounted 23,000- 
lb.-thrust turbofan engines designed by 
N. D. Kuznetsov, the 168-ft.-long 11-62 
will be able to cruise nonstop from Mos- 
cow to New York at 560 mph. with 
standard fuel reserves. The 11-62 may 
also be used for flights from Moscow to 
India. Indonesia and Australia, to Africa 
and to South America, and for the trans- 
Siberian run to Vladivostok and Japan. 
11-62 Service 

Aeroflot Chief Yevgeny Loginov said 
last December that the time is not far 
off when the 11-62 will go into transcon- 
tinental service. However, on the basis 
of the time required to put other new 
Soviet transports in regular service, the 
11-62 mav not start scheduled operations 
until 1964 or 1965. 

Russian government and aviation au- 
thorities continue to assert that the 
USSR will have the first supersonic and 
hypersonic commercial transports. 

Designer V. M. Miasishchcv declared 
last year that the cruising speed of jet 
passenger planes will approach 1,242 
mph. before 1970. 

Outlining his views on supersonic, hy- 
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How 

the world 
became 
flat 


Across Canada, over the pole, ringing Europe, to the Middle East, 
leaping the Pacific and linking much of Southeast Asia is a microwave 
military communications network, binding together the community of 
free nations. ■ Billions of bits of data and countless phone conversa- 
tions and teletype messages are exchanged daily. Contact time from 
one command point to any other is typically only a matter of seconds. 
This took some doing. 1 ■ Figuratively speaking, the earth had to be 
flattened to permit contact between transmitter and receiver. Over- 
the-horizon communications at microwave frequencies was made pos- 
sible by forward-scatter tropospheric propagation— “tropo” for short. 
Kilowatts of microwave energy are needed. They are generated by 
amplifier klystron tubes. ■ The modern power klystron had its be- 
ginnings in the discovery of the principle of velocity modulation at 
Gottingen in 1934. 2 Other brilliant expressions of the same basic 
principle developed independently in the U. S. in 1937 and 1939. ■ 
The power klystron is inherently large. Because it is also essentially 
simple, it may, with skill, be designed simultaneously for high power, 
high gain, long life and military ruggedness. All these are essential 
to the task of "tropo” communications. So successful was this approach 
to the problem that the klystron is the sole microwave power source 
for every element in the network. ■ And so successful has one com- 
pany been that its amplifier communications klystrons are used almost 
exclusively. That company is Eitel-McCullougli. Eimac has designed, 
developed and delivered over 95% of these communications klystrons. 
The life of an Eimac power klystron in this service ordinarily exceeds 
25,000 hours. More than a few are now past the 50,000 hour mark. 
■ Upon such formidable foundations, Eimac continues to forge into 
other areas. It is now at work in a government-sponsored effort 
intent on achieving a million watts of continuous microwave energy 
at a frequency whose limit today is about 50,000 watts. (This is an 
almost unbelievable accomplishment, if anyone can do it. There is 
good reason to think Eimac can.) ■ Eimac ground-station klystron 
amplifiers are now in worldwide service in satellite relay transmis- 
sion. And Eimac has developed new ultra-lightweight driver klystrons 
for the world’s largest linear accelerator. All largely on self-spon- 
sored research programs. ■ These are typical of Eimac’s technical 
achievements in electron power tube development. Anyone can prove 
the earth is round. It takes special skill and capability to flatten it. 



pcrsonic. VTOL and STOL transports 
that the Soviet Union must build, test 
and make available for use in the 1970s 
and 19S0s, Miasishchev declared that 
"it is already possible to say that by 
1980 passenger transports will flv 1,552- 
1.863 mph." 

Writing in the Russian magazine 
Aviation and Cosmonautics. Soviet De- 
signer A. I. Mikoyan said that hyper- 
sonic flight with variable-wing aircraft 
will come in the not-too-distant future 
and will eventually prove dependable, 
cheap and simple. Soviet science and 
technology, he said, have every capabil- 
ity of being first in the field of hyper- 

Somc Criticism 

While Russian aircraft designers were 
peering 10-20 years into the future. 
Aeroflot officials took some critical looks 
at existing problems. Concern was ex- 
pressed that too much emphasis was 
being placed on developing supersonic 
aircraft— and even on conventional, long- 
haul jets such as the 11-62— at a time 
when people arc complaining about the 
inadequacy of short- and medium-range 

Shortly after the 11-62 roll-out. M. 
Korolev, deputy chief of Aeroflot's Far 
Eastern 1 territorial Administration based 
at Khabarovsk, declared that what his 

craft hi the 33.n00-55.000 lb. gross 
weight category which has substantial 
freight-carrying capacity and can oper- 
ate from short, un paved runways. The 
11-62. bv contrast, is believed to gross 
well over 300.000 lb. 


Weather a Problem 

Domesticallv. Aeroflot had major op- 
erating headaches during 1962. stem- 
ming from two factors: miserable 

weather conditions in Russia's populous 
central area most of the summer, which 
especially hampered twin-jet Tu-1 04 
flights, and failure to get its new Tu-I24 


i scheduled si 


until November. 


billed to give central Russi; 
summer weather in more than a decade, 
resulted in wholesale delays and cancel- 
lations of flights at Moscow. Leningrad 
and other major cities. Scheduled air- 
line operations at some of Aeroflot's 
smaller central-area cities that still lack 
paved runways were washed out for days. 

Repeated postponements in placing 
the twin-turbofan Tupolev Tu-1 24 and 
twin turboprop Antonov An-24 into 
service caused a severe financial drain. 
Both of these 44-passenger aircraft were 
first exhibited in the spring of 1960 and 
were originally slated to go into regular 
service during 1961. 

Aeroflot expects to place An-24s and 
Tu-1 24s in regular service on about 50 
routes during 1963. With their help. 
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the Russian carrier estimates it will 
carry almost 75% of its passengers in 
turbine-powered transports this year, 
compared with a goal of 68% in 1962, 
when jet or turboprop aircraft were 
flving 120 Soviet routes. 

Plans for a new version of the Tu-1 24 
have been revealed. This Tu-1 24A will 
have Caravelle-style, aft-mounted en- 
gines and may accommodate as many as 
70 passengers. 

A 100-passenger modification of the 
twin-jet, 70-passenger Tu-104A was also 
disclosed. It has the same capacity as 
the Tu-104B. which was put in sched- 
uled service early in 1959. But the 100- 
passenger Tu-104A has the same fuse- 
lage as the standard Tu-104A and Tu- 
104. while the Tu-104B’s fuselage is 
stretched 47 in. 

Aeroflot said it could obtain the 
equivalent of a 44% increase in its Tu- 
104A fleet and save millions of rubles 
by relatively small outlays for the 100- 
passenger modification. 

The need for economy is being in- 
creasingly emphasized by Aeroflot's 
management. There is outspoken criti- 
cism of the continued proliferation of 
glamor-type transports for the most im- 
portant Soviet routes while regional ad- 
ministrations are still forced to operate 
with equipment unsuited to local con- 

The increasing diversity of Aeroflot's 
fleet has placed a heavy burden on the 
carrier’s maintenance and overhaul fa- 
cilities. which are insufficiently special- 
ized and often operate on a single-shift 

Soviet reports also speak of serious 
shortcomings in organizing the utiliza- 
tion of Aeroflot’s labor resources. 

Aeroflot's total capital investment in- 
creased six-fold from 1950 to 1960. It 
is slated to quintuple in the 1960-1980 
period. 

Between 1963 and 1965, more than 
50% of Aeroflot’s capital investment is 
earmarked for acquisition of aircraft and 
helicopter tvpes which were not in com- 
mercial senice in mid-1962. By 1963, 
73% of the carrier's total capital invest- 
ment will be in aircraft, compared to 
63% in 1959. 

Russian economists see the need for 
stricter supervision of this big new finan- 
cial outlay. They want the monev used 
in a manner that will permit the gov- 
ernment to reduce significantly the pe- 
riod required to recoup its capital in- 
vestment in commercial aviation. 

Much of the investment made in 
Aeroflot during the past several vears 
has not had time to take effect fully. 
But by 1965. Aeroflot’s labor productiv- 
ity. aided by this investment, is ex- 
pected to rise 110%. Unit transporta- 
tion expense is slated to decrease 40% 
as compared to 1960. 

Plans call for revenue plane hours 
flown per jet plane in regular service to 


Aeroflot Growth— 1940 to 1962 




NEW AEROFLOT TERMINAL at Dushanbe, capital of the Tadzhik Soviet Republic, is 
shown with 11-18 parked in front. Dushanbe is close to the Afghanistan border. Hie 
terminal, one of several completed last year by Soviets, is described as air conditioned. 
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JOYBLOCKS... 


Airborne, high density, modular terminal blocks 

Compact JOYBLOCKS give you almost twice as many circuit 
terminals as conventional blocks of the same length. Fabri- 
cated in self-extinguishing polycarbonate resin and aircraft- 
quality aluminum alloy with stainless steel studs, they’re 55% 
lighter than competitive blocks. Sturdy and rugged to with- 
stand the stresses and strains of flight. 

Modular design is another unique feature. Terminal bases 
can be removed, replaced or added in just seconds. No need to 
disturb existing circuits; no need to dismantle and reassemble 
the entire block. 
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for JOYBLOCKS data kit and 
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i increase almost 50% during the 1962- 
1965 period. Currently, under-utiliza- 
tion of equipment is one of Aeroflot’s 
most critical problems, just as it was in 
1959. 

Aeroflot said recently that an analy- 
sis of aircraft utilization clearly shows 
that the transport fleet has been inade- 
quately employed during the past three 
years. Revenue hours flown by Tu-1 14s, 
Tu-104s, 11-1 8s and An-lOs in the 1959- 
1961 period were low and showed little 
annual improvement. 

"Average daily utilization for jet (in- 
cluding turboprop] planes has been 5-4 
hours,” the report said. “For various 
reasons, equipment has stood idle the 
rest of the time. It doesn’t make sense 
economically to use expensive aircraft 
less than half as much as they are capa- 
ble of being employed.” 

While the bulk' of Aeroflot’s capital 
investment continues to be used for new 
transports, the Russian carrier is not 
neglecting ground facilities. 

Last year new airport terminals were 
opened at Odessa. Sukhumi, Ashkha- 
bad, Kemerovo. Tobolsk and other 
cities. Aeroflot plans to start regular 
service from Moscow's new Domode- 
dovo Airport this spring or summer. 

Located about 25 mi. south of Mos- 
cow, Domodedovo will be Russia's 
largest commercial airfield. Its terminal 
will have a capacity of “several thousand 
passengers per hour”— considerably more 
than Moscow’s three existing airports 
are now able to handle together. 

Covered passageways will extend from 
each end of Domotledovo’s 1,300-ft.- 
long glass, aluminum and concrete ter- 
minal building toward the field. From 
these two passageways-each able to 
serve six aircraft simultaneously— passen- 
gers will board their planes via horizon- 
tal ramps. Domodedovo's five-story, 
500-bed airport hotel has already been 

Both Domodedovo and Kiev’s large 
new Borispol Airport, already in opera- 
tion but still incomplete, are intended 
to be showpieces for foreign travelers 
entering the Soviet Union. 

Aeroflot admits, however, that plan- 
ning errors have hampered its airport 
construction program. The new inter- 
national class Tolmachevo Airport near 
Novosibirsk was, for example, built 
without due consideration to future 
traffic growth. 

Russian civil aviation officials have 
stated that blueprints and budgets for 
new airport projects have had to be re- 
examined frequently in recent years. As 
a result, cost estimates have soared 50- 
1 50% in some cases. 

Aeroflot has warned that dispersion 
| of materials and funds on too many air- 
port projects at once must stop, adding: 

I 'We should concentrate on the most 
I important projects and on those already 
I under way. 
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Boeing 727 short-medium haul transport, powered by three Pratt 8. Whitney 
JT8D turbofan engines, undergoes final checkout on ramp at Renton, Wash. 


Specifications 
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MAXSON 

IS EQUIPPED 

TO DO THE JOB 

From small precision components to large com- 
plex systems, MAXSON has the technical capa- 
bility and production facilities to do the job 
... For more than 25 years MAXSON has 
supplied reliable equipment to the Armed 
Services, other government agencies, and 
majorprime contractors. . .Thenesvmulti- 
million dollar Maxson Engineering and 
Research Center recently established 
at Great River, Long Island is the 
latest addition to these facilities. The 
Great River plant further enhances 
MAXSON’S ability in these fields 
of interest — Ordnance, Missiles 
and Drones, Electronic War- 
fare, Navigation, Radar, Com- 
munications, Acceleration 
Instrumentation. 


DIMENSIONS 


WEIGHTS 
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• SPECIFICATIONS 


Two 3-orbil and one 6-orbit tnann«l missions surassful: 1S-22 orbit : 
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• SPECIFICATIONS 



• SPECIFICATIONS 


Space Vehicle Log 







Blue Scout 


Cosmos 9 




Payload Vehicle 


Thor Agena/lnjun 


Thor Agena . . 
Satellite. . . . 






Notes: NASA stopped re porting Air Force and Soviet launches in 
December, 1962. In its space activity reports to the UN, the Soviet 
Union does not include information on orbit decay. Previous Log 

Sources: Aviation Week & Space Technology, National Aeronautics 
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U S. Sounding Rockets 





Fusion. Electronics and magnetics are teamed capabilities at Sperry’s Electro Devices Laboratory. From 
20 years' research, development and production in the two disciplines have come major advances in power 
supplies, high-power pulse components, focus coils and similar devices.Typical units — customized to meet 
the toughest specifications and reliability requirements — include pulse transformers, 
modulators, networks, charging reactors, power controllers and regulators, and radia- 
tion resistant components. Programs include work for Minuteman, Polaris, Nike-Zeus, 

Sergeant, Terrier, Talos and others, plus assignments from leading industrial firms. Back- 
up facilities include the entire Sperry group. For details write Marketing Manager, §^*ry N rano 
SPERRY ELECTRO DEVICES LABORATORY, Sperry Gyroscope Co., Great Neck, N.Y. corporation 
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U. S. Gas Turbine Engines 
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NEW PROCESS 


HIGH TEMPERATURE 
BRAZING POWDERS 



Send for your free copy of technical literature on new Purebraze (tm) 
spherically pre-alloyed powders, newly developed by AMI to meet the 
latest (and forthcoming) demands for metal powders of exceptionally 
high purity and maximum versatility. Purebraze powders are created 
by AMI's controlled-diffusion (atomization) process and provide use 
advantages in broad applications from honeycomb and wlde-gap 
brazing to hard-coat resurfacing and powdered metallurgy, Purebraze 
powders, in spherical shapes in some 25 alloys, are rapidly finding 
ready acceptance for both in production and developmental programs. 
Your copy of the Purebraze literature and specifications is waiting for 
you. Just drop us a line. 



ALLOY METALS, INC. 

DETROIT 3, MICHIGAN BURBANK. CALIFORNIA 

1301 E McNichos fid . Tel 1313.366-7200 7800 N Naomi SI Tel i2I3i S49-3S5S 



CHECKING THE POLARIS 
MISSILE 

Designed to process data from 180 chan- 
nels at one time, a CSC system is now in 
use at the Sunnyvale. California, thermo- 
structural test facilities of the Lockheed 
Missiles & Space Division. 

Measurements of strain and temperature, 
recorded at hundreds of points on a 
Polaris missile being tested, are changed 
to proportional analog voltages by trans- 
ducers and processed by the system for 
digital recording on magnetic tape com- 
patible for direct entry into an IBM 7090 
computer. In addition to magnetic-tape 
recording, output is available in the form 
of IBM punched cards and X-Y plots. Mon- 
itoring is by bar graphs on a 17-inch oscil- 
loscope and oscillograph recordings. 

This Thermostructure Recording and 
Monitoring System is one of hundreds 
produced by CSC for data acquisition, 
reduction, conversion, presentation and 
analysis. In addition to analog and digital 
data handling systems, CSC designs, 
develops and manufactures systems for 
industrial control, electro-optical, pneu- 
matic and hydraulic applications. 

For details of CSC accomplishments in 
your area of interest, call your local engi- 
neering representative or write 

CONSOLIDATED 



CORPORATION 

1500 So. Shamrock Ave. ■ Monrovia, California 
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Circle Number 199 on Reoder-Service Cord 


U.S. Gas Turbine Engines 
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Inland Gearless Torquers give 2-axis 
precision to Reeves Radar Pedestals 

precision Radar Pedestals . . . manufactured by Reeves Instrument Cor- 
poration, Subsidiary of Dynamics Corporation of America . . . play vital roles 
in major satellite and missile programs. Designed to accommodate reflec- 
tors up to 30-feet in diameter, they feature 5-second angular accuracy, 
azimuth load bearing ratings at 250,000 pounds and tracking rates from 
zero to 10 rpm in azimuth and from zero to 1/2 radian/second in elevation. 
Accurate 2-axis servo-positioning of these Reeves Pedestals is effected 
by Inland Gearless Torquers ranging in torque output from 500 to 3,000 

Fast, high-resolution response to servo-position error signals is a major 
reason why Inland Gearless Torquers win so many missile and space- 
vehicle assignments. The superior performance of these direct-drive d-c 
torque motors comes from torque-to-inertia ratios 10 times higher than 
equivalent gear-train servo motors. Moreover, their compact pancake con- 
figuration meets space and weight restrictions. 

What's your problem? If you're currently planning a servo system calling 
for output torque between 20 ounce-inches and 3000 pound-feet*, compare 
Inland Gearless Torquers with any alternative. Write for all the facts today, 
347 King Street, Northampton, Massachusetts. 

•Higher torque output levels can be provided on special order. 

^INLAND MOTOR 

subsidiary OF KOLLMORGE1V 



A COMPLETE LINE IN A WIDE RANGE 
OF STYLES, SIZES AND MATERIALS 



SPHERCO 

SEALMASTER BEARING DIV. 
STEPHENS-ADAMSON MFC. CO. 


8 Ridgeway Avenue 
AURORA, ILLINOIS 
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U. S. Reciprocating Engines 



TEST YOUR KNOWLEDGE 

OF SCIENTIFIC AND ENGINEERING COMPUTERS 
Know the facts — and you will know the 
one sure way to find the computer that suits you best 


The fastest 
computer is the 
most efficient. 

TRUE ( ) FALSE ( ) 

False, if by "fastest" is meant 
computing time only. Usually it 
represents only about 10% of the 
total time required to solve a prob- 
lem. Base your judgment on "total 
problem-solving time," remember- 
ing that programming is often 
90% of the job. The Recomps line 
of small and medium-scale com- 
puters is designed to save, not 
microseconds in computing, but 
hours in problem solving. They are 
simple to program, easy to operate, 
have exceptionally large memories. 


Comparably 
priced computers 
are about alike. 

TRUE ( ) FALSE ( ) 
False. Computers vary rather widely 
in efficiency, and vary in ways they 
can be used. And true cost isn't 
always reflected in the price tag. 
Make sure, when you buy. you are 
getting the entire working system 
your job requires. For example, the 
Recomp III. a complete engineering 
computer system, is ready to start 
solving problems when you plug it 
in. It leases for just $1,495 and is 
an ideal small-scale computer. For 
medium-scale needs, Recomp II 
can be leased starting at $2,495. 


Computer operation 
requires special 
personnel. 

TRUE ( ) FALSE ( ) 


There is no 
simple way to 
judge a computer. 
TRUE ( ) FALSE ( ) 


True or false, depending on your 
computer choice. Some do— a fac- 
tor to consider in connection with 
cost. But here is another important 
consideration. Computers which 
require programming personnel for 
operation double the communica- 
tion time between the originating 
scientist or engineer and the com- 
puter. Direct contact between the 
computer and the user increases 
efficiency and reduces chance for 
error. Engineers with less than 
eight hours instruction have been 
able to use Recomp computers 
profitably. 


True. However, a feasibility study 
aimed at determining which com- 
puter best suits your company's 
needs can help you make a sound 
choice with a minimum of wasted 
effort. Incidentally, no feasibility 
study is complete without consid- 
eration of the Recomp line of solid- 
state computers. Would you like to 
learn the "shortcuts” of studying 
computer values? We will be happy 
to send you a free copy of the inter- 
esting "Management Guide to a 
Computer Feasibility Study." Use 
the handy coupon below. 



A solenoid valve 
that operates at 
-423" F or lOOO'F 


Valcor's engineers originally 
designed this solenoid valve, of 
series 412, to operate completely 
submerged in liquid hydrogen 
( — 423-F). The unique application 
required a valve that would 
eliminate the use of any non- 
metallic parts coming in contact 
with the media, internal or ex- 
ternal. All materials had to be 
critically analyzed because of 
the destructive forces inherent 
in such extreme temperatures. 

The all welded construction, 
which Valcor has developed to a 
new state-of-the-art, helped resolve 
many of the problems. During the 
exhaustive series of tests, it was 
known that many of the problems 
in operating a solenoid valve 
under the extremes of low 
temperature had a correlation to 
problems created by high tem- 
peratures. The result — a one 
valve concept that witlr minor 
variations could be used for high 
or low temperatures... 

Another reason why Valcor 
precision engineered valves are 
chosen for so many aero-space 
vehicles. 


Write today for your copy of 
Valcor's catalog, "Valve Selections 
For Aero-Space Applications”. 



VALCOR ENGINEERING CORP. 

CH 5-1665 (Area Code 201) 
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U. S. Airlines' Transport Fleet 



OSO-1 A YEAR IN ORBIT. Major scientific instruments, the control systems, telemetry and command 
systems, and vacuum-exposed slip rings, bearings and motor brushes are still GO. As prime contractor 
to NASA’s Goddard Space Flight Center, we at Ball Brothers Research Corporation are proud of OSO’s 
achievements and our association with NASA and university experimenters whose successes on this 
flight mark a milestone in the history of the study of the sun ■ Ball Brothers Research Corporation pro- 
vides reliable, economical space systems to advance scientific knowledge and national spacepower. 

BALL BROTHERS RESEARCH CORPORATION, BOULDER, COLORADO 

A SUBSIDIARY OF BALL BROTHERS COMPANY INCORPORATED 



SYSTEMS ROCKET SYSTEMS OIGITAl TELEVISION SPACE COMMUNICATIONS SPACEBORNE SCIENTIFIC INSTRUMENTATION LUBRICANTS FOR HIGH VACUUMS 
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Sierraglo electroluminescent instrument panels glow: 
there are no bulbs to burn out! 

Sierraglo panels glow evenly: with a light uniformity 
of 1.1 to 1! 

Sierraglo's unique process seals special phosphors in 
tough' plastic coated with a durable transparent metallic 
film. (Known as Sierracote, this film has been proved in 
thousands of aircraft windshields). The result is a rug- 
ged lightweight instrument panel lamp, cool to the 
touch and requiring only 0. 1 or 0.2 watt per square inch. 
Sierraglo panels have passed tests by the U.S. Bureau 
of Standards. Want more information? Write for our 
technical data. 

StGA^OCitl 

THE SIERRACIN CORPORATION • 903 No. Victory Blvd. • Burbank, Calif. 
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U.S. Business and Personal Aircraft 
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HOW CAN YOUR PROPULSION 
SYSTEM USE TODAY’S MOST 
PROMISING HIGH-ENERGY 

ri JlTrpi A I CO Make sure your advanced planning for pro- 
IVIHI LrVlnLD • pulsion includes a careful look at space- 
storable, liquid Diborane, or the versatile solid oxidizer, Nitronium Perchlo- j 
rate. These products of Callery's continuing program of high-energy research 
are available now in quantities for your test program needs. For price quo- , 
tations and delivery schedules on any amount from pounds to tons, call or 

vania. Telephone Evans City (Pa.) 3520. New address in the west: Suite 305, 
4419 Van Nuys Boulevard, Sherman Oaks, California (784-9542). Other 
offices in Dayton, Ohio, and Washington, D. C. 


for accurate measurement of 
tension and compression loads 

HUNTER 


FORCE GAGES 




FREE WORLD'S ONLY BORANE AND NITRONIUM PERCHLORATE SUPPLIER 



Leading International Ground Effect Machines 
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USSR Military and Civil Aircraft 
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Leading International Gas Turbines 



WILL YOUR 
COMPANY 
BE LISTED . . . 

... in AVIATION WEEK & SPACE TECHNOL- 
OGY'S 1964 Buyers Guide issue? Check the 
1963 issue today. If your company was not 
listed then write immediately and ask to be 
put on the Buyers Guide issue questionnaire 
mailing list. 

There's no charge for this opportunity to reach 
over 85,000 engineering-management, gov- 
ernment and military decision makers at the 
precise moment when buying information is 
needed. 

Write to: 

BUYERS GUIDE DEPARTMENT 
AVIATION WEEK & SPACE TECHNOLOGY 

330 West 42nd Street 
New York 36, New York 
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Countless landings. Millions of them. Safe, sure stops. Since 1948, hundreds of thousands of pilots 
have made these stops flying more than 10,000 aircraft. In all kinds of weather. All kinds of run- 
way conditions. One concept has made possible this landing safety. It is called HYTROL. It is synony- 
mous with braking control. It is now in its second technological generation with the widely accepted 
brake torque control system. It was developed by divisionof CRANE 

Hytrol Mark II is standard equipment on Boeing's 707-320B, Douglas' DC-8F, Convair's 990, Boeing's 727, 707-320C and the USAF F4C. 


Leading International Gas Turbines 
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PUT BALLBEARING 

DIVISION OFMPB INC. 
LEBANON 1 1 , NEW HAMPSHIRE 


manufacture special 
precision ball bearing 
components for 
gyros, guidance 
systems and 
instruments. 
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Leading International Rotary-Wing Aircraft 
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Leading International Aircraft 
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CHROMALOX ELECTRIC 
FLEXIBLE & MOLDED HEATERS 


WRAP,,, CLAMP.., BOND heat to any 
surface and shape. 



CHROMALOX 

ELECTRIC HEAT 




CHROMALOX ELECTRIC 
HEATING UNITS 

QUICK, LOW COST ANSWERS to your 


heating problems 


Write tor Idea and Fact-filled Catalog 60 
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American Gyro 
reliability: 
35,000+ hours on 
T-38 in flight! 



American Gyro's miniature rate gyros have achieved a reliability 
in excess of 35,000 hours aboard Northrop's USAF T-38 super- 
sonic twin-jet trainer. Used in the stability-augmentation system, 
the gyros must endure the severe environments of this very- 
high-performance aircraft. 

The ability to perform reliably under severe environment is the 
hall mark of American Gyro products. That's one reason they 
were selected for such important programs as the F-102, F-106, 
A4D, Orbiting Astronomical Observatory, Apollo, Titan, Polaris, 
Discoverer, and Regulus. 


May we make American Gyro's unsurpassed level of product 
reliability available to you? Contact Mr. Ed Ford, Director of 
Marketing. 
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Syncom Communications satellite, built by Hughe 
final checkout by Hughes technicians at Cap 
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Why spend your R&D budget designing test equipment 
when 
you have 
all this 
to 

choose from 
? 



Series 500 Multiparameter Semi- 
conductor Tester. Rapid programming, 
automatic direct digital readout. Pulse 
testing. Data logging optional. Can be 
run by relatively unskilled personnel. 

Series 3500 (not pictured). The 
CAPACITRAN for high speed, automatic 
test measurements of capacitors by un- 
skilled personnel. Direct digital readout 
and/or high-low limit programmable 
indication. High accuracy. 


Model 20 Low Current Leakage 
Tester for semiconductors. Fast, easy 
go/no-go operation with pass-reject 
lights or absolute readout. Noise 
shielded for high accuracy. 


Series 900 Card Programmed 
Semiconductor Data Logger (not pic- 
tured). Up to 24 tests in anyorder. Self- 
checking. Visual digital readout. Test 
results available on punched cards, 
punched tape or automatic typewriter. 




Model 50 Pulsed direct reading 
Beta Tester. Three digit visual display. 
Two seconds maximum per unit with 
2 % accuracy. For economical 100% 
incoming inspection or engineering 
evaluation. Pulse testing. 

Series 100 Diode Sorter and 



Series 200 Transistor Sorter (not 
pictured). High speed multiparameter 
testing formanufacturingand incoming 
inspection. Punched card programming. 
Automatic priority sorting. Handles 3600 
diodes or 1500 transistors per hour. 
Fairchild developed these instruments 
for its own use — and to its own man- 
ufacturing standards. Now, with accu- 
racy and reliability proven by extensive 
in-factory application by Fairchild and 
many other customers, they're avail- 
able to you. Write for information on the 
full line of Fairchild test equipment. 


Series 250 Go/no-go tester for 
semiconductors. Allows unskilled 
worker to test up to 900 units per hour 
— 16 variable go/no go tests per unit. 
Pulse testing. Classification chassis for 
priority sorting available. 


FAIRCHILD 


SEMICONDUCTOR 
(I N STR U M E NTATI O N) 
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COMMUNICATIONS a ELECTRONICS EXPENDITURES 

BILLIONS OF DOLLARS 





Defense Plan Lists Avionic Guidelines 


By Philip J. (Class 

Washington— Avionics manufacturers can look forward to new techno- 
logical challenges stemming from Defense Department’s increased emphasis 
on intercontinental ballistic missile defense and detection of missile-launch- 
ing submarines. 

At another extreme of the performance scale, progress in miniaturization 
and reliability gained in missile and spacecraft development may find new 
utilization in providing communications and navigation equipment for Army 
aviation's projected expansion. 


Important guidelines to avionic areas 
destined to receive increased emphasis 
were spelled out by Defense Secretary 
Robert McNamara in his comprehen- 
sive statement on Administration de- 
fense strategy presented to the House 
Armed Services Committee. 

While many of these philosophies 
previously have been stated piecemeal 
by President Kennedy, Secretary Mc- 
Namara and other Defense Department 
officials, the broad outline of the Ad- 
ministration’s defense philosophy had 
not previously been compiled in as 
comprehensive a blueprint for future 

Of particular interest to avionics 
manufacturers are the following areas 
which are destined to receive increased 
emphasis in Fiscal 1964 and, if the 
Kennedy Administration is returned for 
a second temi, for much of the current 
decade: 

• ICBM defense is "the most urgent 
problem confronting us in the Conti- 


nental Air and Missile Defense Forces 
Program,” according to McNamara. 
“We believe it is premature at this time 
to commit ourselves to the production 
of any system. . . Instead, we propose 
to proceed with the greatest urgency in 
the development of the Nike-X system, 
retaining the option to mor e ahead with 
actual production and deployment of 
such a system, if the capabilities of the 
system and circumstances should war- 
rant such a decision at some later time. 
I believe that the matter of anti-missile 
defense is so important that we must 
make every effort to develop an effective 
decision. . . Accordingly, over S450 mil- 
lion is included in the 1964 budget to 
initiate Nike-X development and con- 
tinue the Nike-Zcus test program and 
related work under Project Defender." 
McNamara said. 

• Defense against submarine-launched 
missiles is "second only in importance 
to defense against ICBM attack," Mc- 
Namara said. This involves three dif- 


ferent types of capabilities: (1) detec- 
tion and tracking of enemy submarines, 
(2) destruction of these submarines be- 
fore they have an opportunity to launch 
their missiles, and (4) detection, track- 
ing and destruction of missiles once 
they have been launched. The funds 
requested for 1964 include "substantial 
improvement and augmentation of our 
existing submarine detection and track- 
ing systems,” McNamara said, with 
similar provisions for Navv's anti-sub- 
marine warfare capability.' The 1964 
program provides "for enhancing our 
detection and tracking capability against 
submarine-launched missiles.” the De- 
fense Secretary added. 

• Command and control systems to as- 
sure that Strategic Retaliatory’ Forces 
be kept continuously under the control 
of the constituted authorities, from the 
President on down to the commanders 
of the forces, before, during and after 
a nuclear attack, is a vital objective of 
the Kennedy Administration. The Stra- 
tegic Air Command Control System, 
465-L, currently being installed, is ex- 
pected to be adequate for peacetime 
and the pre-strike phase of a nuclear 

But because the system is only 
partially hardened, "we cannot count 
on it functioning after an initial nuclear 
attack." McNamara said. "Therefore, 
alternative systems must be provided 
for the post-attack phase.” McNamara 
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crominiaturization and new develop- 
ments in microcircuitry, it appears en- 
tirely possible to provide Army Avia- 
tion with the capability it needs in 
the size and weight it can tolerate. 

But the challenge to avionics design- 
ers goes beyond size and weight. Such 
avionic subsystems must be designed 
and built to operate for extended pe- 
riods with little if any maintenance. 
Skills and equipment available for 
avionics maintenance in a limited war- 
fare situation are likely to be vastly 
more primitive than those available at 
Strategic Air Command and Air De- 
fense Command bases within the 
United States. 

Interestingly, the same design and 
manufacturing techniques which indus- 
try has been forced to develop to meet 
the demanding requirements of satel- 
lites and spacecraft, where size, weight, 
power consumption and reliability also 
are vital parameters, should be directly 
applicable to the needs of Army Avia'- 

The reduction in funds requested for 
the Strategic Retaliatory Forces this 
vear, $7.3 billion compared to $8.5 
billion in Fiscal 1963 and S9.1 billion 
the previous year, reflects the present 
intention of the Pentagon to launch the 
development of new strategic weapon 
systems only if and when they appear 
to offer a significant gain over the pres- 
ent Minuteman and Polaris or im- 
proved versions of these missiles already 
under development. 

The Pentagon plans to fund pro- 
grams that could improve the capabili- 
ties of these basic weapons, in terms of 
their performance, reliability and ability 
to penetrate enemy ICBM defenses. 
But the intention is to extract the maxi- 
mum capability from these existing 
weapons rather than to launch major 
new programs. 

In the field of command and con- 
trol systems, a similar attitude prevails. 
Air Force currently has or is developing 
command and control systems for all 
of its major commands and functions. 
The only new one on the horizon is a 
svstem for the Strike Command 
(STRICOM). 

Generally the emphasis in command 
and control systems will be on making 
them more responsive to the operational 
needs of the commanders they must 
serve and reducing their vulnerability to 
being knocked out in a surprise attack. 
While digital computers remain in 
vogue for use in command and control 
systems, there will be increased empha- 
sis on communications rather than on 
data processing. 

The budget category of "Electronics 
& Communications," representing 
items not funded directly as part of a 
weapon system and broadly encompass- 
ing the area of command and control 
is increased slightly from last year. 


noted that airborne elements of a Post 
Attack Command and Control System 
(PACCS). consisting of specially 
equipped KC-135 command post air- 
craft and 13-47 s equipped to serve as 
communication relay stations, are going 
into service. But he added that their 
airborne endurance and capabilities are 
limited. For this reason. Defense De- 
partment is proposing a deep under- 
ground support center which would 
have long endurance in a post-attack 
environment, with adequate space for 
communication and computer equip- 
ment and personnel. The proposed deep 
underground support center would 
complement the airborne command 
posts rather than be a substitute for 

• Army Aviation growth is part of the 
Administration's policy of increasing 
the capability of the Defense Depart- 
ment to cope with limited non-nuclear 
war situations. The Fiscal 1964 budget 
request seeks $522 million for procure- 
ment of 1,600 Army aircraft, approxi- 
mately three times the number pur- 
chased in 1962 and 1963. The largest 
procurement is expected to be for UII- 
1B/D Iroquois helicopters, with lesser 


numbers of smaller helicopters, and 
fixed-wing surveillance and transport 

While these Army aircraft individu- 
ally do not offer a large market for air- 
borne avionics equipment, collectively 
they present an attractive market and 
a challenge to the industry's technical 
ingenuity. 

To operate successfully in a limited- 
war environment, such aircraft must be 
equipped with two-way radio communi- 
cations, with a navigation system which 
is sufficiently accurate to enable the 
crew to locate small targets, and in 
some cases with defensive annament 
capable of offering moderate protection 
against small arms fire. 

Army Aviation needs night reconnais- 
sance systems, capable of permitting 
its flight crews to locate targets of op- 
portunity. and bombing systems for 
delivery of small non-nuclear weapons. 

A decade ago. when the Korean War 
focused attention on this type of mili- 
tary requirement, the state of the avi- 
onics art precluded any hope of provid- 
ing so many functions in a size and 
weight needed for such small aircraft. 
Today, with advances achieved in mi- 


ELECTRONICALLY SCANNED phase-array radar, such as the Bendix ESAR here, will 
receive increased DOD emphasis because it is more easily hardened than conventional radar. 
The entire facility can be buried underground except for one flat face, and that can be 
protected by plastic covers to withstand all but a near hit. Svlvania is developing phased 
array radar for the Nike X anti-ICBM system and Sperry also is active in the field. 
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With new funds requested. Defense 
Department will have an obligational 
authority of S 1 .>26 million, compared 
to a figure of $1,334 million for 1963. 

Army's share of this total. S406 mil- 

Largcst item in this figure is 
S59 million for STARCOM - Army's 
Strategic Communications System— in- 
tended to provide rapid communica- 
tions required by Army forces deployed 
around the world and by Strike Com- 
mand should its forces be deployed. 

Navy's share of the total is $550 
million, an increase of 44% over Fiscal 
1963. Air Force's share is S558 million, 
highest of the three sen-ices but 1 1 % 
below the previous year. 

If the Administration plans to be 
tight-fisted in launching major new 
weapon system programs, it proposes a 
more liberal attitude toward research, 
exploratory development and advanced 
development which can improve the 
performance of existing weapons or un- 
lock the door to more advanced weap- 
ons with significantly better capabilities. 
Pentagon Philosophy 

The philosophy of the Pentagon is to 
develop the techniques required to cope 
with a wide spectrum of military possi- 
bilities in the hope that as new threats 
develop the technology required for 
new weapons will be available, permit- 
ting rapid development and production 
of the needed hardware. 

In the area of basic and applied re- 
search, the Defense Department is 
seeking $362 million for Fiscal 1964, 
an increase of 10% over the previous 


Another $1,172 million has been 
requested for exploratory development. 
Air Force is seeking $330 million of 
this total, with almost one-third to be 
devoted to space projects. Other areas 
of interest to avionics manufacturers 
include projects planned in command 
and control, communications, data proc- 
essing, reconnaissance, electromagnetic 
warfare and advanced weapons. 

Navy's Share 

Navy’s share of the exploratory- de- 
velopment total is $368 million, with 
about one-third of this total planned for 
anti-submarine warfare efforts. Army is 
seeking $217 million, while the Ad- 
vanced Research Projects Agency seeks 
S256 million of which half would go for 
Project Defender— ICBM defense. 

The areas of pressing military need 
set forth by Defense Secretary McNa- 
mara pinpoint the fields of avionic 
technological activity which are most 
likely to find support by the Pentagon 
and the military sers-ices: 

• Improved radar techniques which 
make it possible to obtain more infor- 
mation on the characteristics of the 
target, to detect it at greater range and 
to track it more accurately. Desirability 
of having a hardened radar which can 
withstand all but a direct hit is likely 
to put increased emphasis on electronic 
scan type radars, such as the Bendix 
ESAR'and the Sylvania ZMAR, which 
also have the advantage of being able 
to track a number of targets simultane- 
ously. Improved radar technology- is 
needed for space surveillance as well. 

• Higher-speed computers for more 
rapid data processing of target data from 
ICBM defense radars, for command 


and control system functions and for 
intelligence data retrieval. One of the 
more promising new technologies is the 
optical computer using glass fiber lasers, 
which may permit a 10:1 or 100:1 in- 
crease in computation speeds. Rome 
Air Development Center currently is 
sponsoring exploratory development 
programs in such optical computers 
with American Optical Co.. Radio 
Corp. of America and Stanford Re- 
search Institute. 

• Optical maser (laser) continues to ex- 
cite the imagination because of the 
diverse capabilities which it offers. 
There is continuing interest in the pos- 
sibility of using the laser's highly con- 
centrated energy- as a kill mechanism 
against ICBMs and space vehicles, al- 
though Defense Department officials 
believe such a weapon is many years off 
if it does prove feasible. Discovery of 
the semiconductor laser during the past 
year, with conversion efficiencies vastly 
higher than previously available ruby 
and gaseous lasers, has added to enthu- 
siasm over the laser’s future. More re- 
cently, Sperry Rand scientists demon- 
strated an entirely new application 
when they constructed a ring of lasers 
which function as a rate gyroscope. 
(AW Feb. 11, p. 93). NASA secs 
the laser as a great hope for com- 
munications over interplanetary dis- 

• Microcircuitry, whose size, weight 
and power advantages are obviously im- 
portant for missile and spacecraft appli- 
cations, may have an equally important 
role to play in surface-based equipment 
which must he rapidly deployed around 
the globe via air transport, and for 
Army Aviation's small aircraft. 
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JUST ONE CRIMP DOES IT! 

With all COAXICON" connectors you get simultaneous, 
one-crimp termination of inner conductor, outer braid 
and cable support. This exclusive AMP feature results 
in a more than 50% saving in applied costs over other 
solderless coaxial connector assemblies . . . even more 
when compared to those applied by solder. The contacts 
are pro-assembled, furnished ready for attachment. This 





PERFORMANCE 

Price is nice, but what about quality? T est reports confirm 
minimum discontinuity up to 500 megacycles. At 500 
megacycles impedance mismatch is only 1.06 to 1.09. 
And with the plus feature of AMP's matching tool and 
terminal technique, you further insure reliability by 
eliminating human error, hit-or-miss connections, cold 

THE STANDARD OF EXCELLENCE 

.000030" non-porous gold over .000030" nickel contact 
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NASA to Expand Tracking Network 
For Gemini and Apollo Missions 


Washington— National Aeronautics and Space Administration lias requested 
$549 million in Fiscal 1964 for expansion and improvement of its world-wide 
tracking and data acquisition network, roughly twice the funds authorized 
this year. 

The expanded capability is intended to handle Gemini and early Apollo 


missions aim growing numners or scie 
To support Gemini, the orbital 
Apollo using Saturn 1 and Saturn B 
boosters, and the lunar Apollo using 
the Saturn 5, NASA is seeking funds 
for the following additions to the exist- 
ing 17-station network used for Project 

• New ground station at Carnarvon, 
Northwest Australia, located at the anti- 
nodal point in the Gemini trajectory, 
is needed to handle the variable orbital 
inclinations planned for this program. 


Facility will be equipped with an AN/ 
FPQ-6 radar, telemetry, voice and com- 
mand capabilities. 

• Three instnimcnted ships, outfitted 
to provide telemetry coverage of Apollo 
during critical portions of the mission, 
are expected to be contracted for dur- 
ing coming year. 

• Seven existing stations in the network 
will har e installed dual pulse-code mod- 
ulation (PCM) telemetry facilities, dual 
acquisition antennas, dual digital com- 
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CUSTOM SUBMINIATURE 
SERVO INDICATORS 

Built to ARINC and to MIL specs. 
Unique modular construction en- 
ables us to deliver prototypes 
exceptionally fast. Expanded 
facilities meet most exacting 
production requirements. 






SERVO DEVELOPMENT CORP. 

2 WILLIS COURT, HICKSVILLE, L. I., N. Y. 
I Phone: OVerbrook 14343 • Area Code 516 
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‘Actually, if you 
can’t depend on 

the tube, it doesn’t 
matter at all how 
wonderful the theory is 

behind it. The real job is to turn 
microwave theory— however exotic it 
may be— into an actual, functioning, production 
tube you can depend on. Without any ifs, and’s, 
or but’s. For example, we’re working on a two 
cavity klystron oscillator with an exceptionally 
low noise level to meet critical requirements of 
modern radar weapon systems. By the time the 
actual production model comes off the line, it will 
have been tested electronically, environmentally, 
every way we can think of. And you’ll be able to 
trust it to operate reliably within the parameters 
we publish for it. I guess that sounds like a boast, 
but here at Varian it’s standard operating proce- 
dure.” Fred Salisbury (speaking, left ) and Dr. Wayne 
Abraham are tzvo of the outstanding men in 
Research and Development Department 
Palo Alto Tube Division. 


TUBE DIVISION, Palo Alto, California VARIAN ASSOCIATES OF CANADA, LTD., Georgetown, Ontario 
BOMAC DIVISION, Beverly, Massachusetts | SEMICON OF CALIFORNIA, INC., Watsonville, California 
S-F-D LABORATORIES, INC., Union, New Jersey | SEMICON ASSOCIATES, INC., Lexington, Kentucky 
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mand systems and a radar coder to per- 
mit tracking of one spacecraft when it 
is rendezvousing with a nearby vehicle, 
to enable radar to distinguish between 
the two. 

• Unified S-band system will be in- 
stalled at the seven existing primary 
stations, and the new one in Australia, 
to permit all tracking, data acquisition, 
voice and television functions to be 
handled by a single transponder in the 
spacecraft instead of by the variety of 
equipment now required. Mercury 
spacecraft carried two radar beacons, 
one operating at C-band and one at S- 
band; two VHF transmitters for tele- 
metry, one UHF and one HF trans- 
mitter for voice communications, and 


• Two additional 85 ft. antennas will be 
installed, one in Australia and one in 
Southern Europe, to provide at least 
two antennas at 120-deg. separated 
longitudes so that more than one deep 
space probe can be kept continuously 
under surveillance. 

• 210 ft. diameter antenna will be con- 
structed at the Goldstone, Calif., fa- 
cility, the first of three planned for 
operational status around 1968. Tire 
new facility will extend the tracking- 
command range of the present 85-ft. 
antenna network significantly. 

N'o widespread expansion of the pres- 
ent earth satellite tracking network is 
planned, but to handle the large amount 
of data expected from the orbiting geo- 
physical and astronomical observatories, 
some of which will be in highly eccen- 
tric orbits with apogees of 60,000 mi., 
NASA plans to install 40 ft. and 85 ft. 
diameter automatic tracking antennas 
at key stations. These antennas will 
have X-Y type pedestals and be out- 
fitted to operate at 156 me., 400 me. 
and 1,700 me. The 40 ft. automatic 
tracking antennas will be installed in 
South Africa. Chile and Peru. The 85 
ft. antennas will be installed in Aus- 
tralia, Alaska. Newfoundland and 
North Carolina. 

• PCM telemetry will be installed at 
the new large-antenna facilities and at 
a few other stations to permit higher 
data rates. 

• Automatic data processing equipment, 
known by the acronym of STARS (satel- 
lite telemetry automatic reduction sys- 
tems) will be installed at the Coddard 
Space Flight Center to permit more 
rapid processing of the greatly increased 
amount of satellite data expected dur- 
ing coming years. 

• New rangc-and-range-rate tracking sys- 
tem, under development by Motorola, 
intended to permit more accurate po- 
sition fixing on satellites operating in 
high eccentric orbits, is expected to be 
installed at three stations in the net- 
work to handle the Eccentric Geophysi- 
cal Observatory (EGO). 


one UHF receiver for command func- 
tions. The new unified S-band system 
will require a 2,500 me. transmitter and 
a 2,100 me, receiver in the spacecraft, 
plus identical back-up units, to handle 
all these functions. 

Improvements and expansions in 
NASA’s deep space network planned for 
Fiscal 1964 include the following: 

• Conversion to S-band operation from 
the present L-band configuration is ex- 

C ceted to provide a 5.6:1 gain in data 
andling capability or improved range. 
Additionally, performance will be im- 
proved through installation of low-noise 
traveling-wave masers and Cassegrain 
feeds on present 85 ft. diameter an- 


Radiafion Chamber 

Radiation chamber developed by Space 
Technology Laboratories will be test-flown 
this spring. It has camera to photograph 
particles at speed up to one frame/scc. 


OMARK 

Industries, Inc. 


Selecting sps Aerospace Fasteners by Strength / Weight Criteria 

. . . No. 1 in a series of technical service bulletins 






Some of this steel bolting — SPS EWB 30 
Series, for example— closely approaches 
beryllium in the strength-to-weight 
“spectrum.” And thus it offers real op- 
portunities to reduce fastener size, not to 
mention miniaturization of associated 
flanges, “T”-sections, etc. 


properties, making it safe to cut back 
liberally on bolt diameters. 

Drawings A and B give a practical dem- 
onstration of the weight savings possible 
with EWB 30 bolting — a clear example 
of how strength-to-weight ratio can also 
be stepped up by improving the per- 
formance of a comparatively dense ma- 
terial, and thus produce the dual advan- 
tages of reduction in fastener size and 
structural miniaturization. In this design 
technique an overall weight saving can 
be achieved, which in some cases, ex- 
ceeds that of a joint with less dense fas- 
tener materials. 





Overriding Factors 

An exception to the use of dense, strong 
materials can occur where shear applica- 
tions employ low strength structural ma- 
terials. The load transmitted by the bolt 
is of sufficient magnitude to cause plastic 
deformation of the hole in which the 
fastener has been used. To prevent this 
condition, specify a larger diameter fas- 
tener of less dense material to distribute 
the applied stress, keeping the unit load 
in the structure below its yield strength, 
and fastener weight at a minimum. 

In seeking fastener-design answers in 
terms of optimum strength/ weight ratio. 


you are bound to encounter limiting fac- 
tors — good reasons for selecting alterna- 
tive materials. 

Take the matter of plating, for example. 
Cadmium plate — common for steel — 
tends to sublime in space, causing elec- 
trical shorts, messing up lenses. Pick an- 
other plating . Or consider a corrosion 
resistant material. 

Other design considerations are the 
more sophisticated environmental vari- 
ables that will influence your selection of 
a material. Can it withstand association 
with nitrous trioxide fuels, for example? 
To avoid such problems, you may find it 
easier to go to a nonplated fastener (tita- 
nium or stainless steel, for example) and 
accept a decrease in actual tensile or 
shear strength. 

Or take temperature. At 1800-2000° you 
may again find it more practical to ac- 
cept a lower strength-to-density ratio 
fastener in order to circumvent potenti- 
ally troublesome coating. Use a nickel- 
base alloy. Or for greater strength to 
density, one of the refractory alloys 
properly coated. 

Also, you encounter specialized prob- 
lems such as radioactive bombardment. 
Here there is a fastening material — 
beryllium — that offers particularly desir- 
able properties. Beryllium is typified by 
a low-absorption cross section. 
Obviously, for your particular design, 
there is one optimum fastener according 
to strength-to-weight criteria. For a 
thorough examination of every possible 
choice, and a recommendation, you 
should contact SPS. 


Whatever your design problem or spe- 
cific hardware need, SPS offers you the 
resources of a total capability in preci- 
sion fasteners for aerospace — a capability 
that is unmatched elsewhere. The first 
successful titanium bolts; the first pro- 
duction beryllium bolts; the first 300,000 
psi steel bolting; the first forged tungsten 
fasteners — these are merely highlights of 
a capability that encompasses the entire 
fastening art from research and develop- 
ment through production and testing to 
certification of reliability. For informa- 
tion, contact Standard Pressed Steel 
Co., Precision Fastener Division. 


AEROSPACE FASTENER Sales 
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SEMICONDUCTOR MICROCIRCUITS contained in transistor cans and mounted on plug-in circuit board (left) arc being substituted for 
conventional components by Litton Industries into the central management digital computer of the Grumman A-6A under a Navy plan to 
hasten introduction of microcircuitry into operational equipment. Dual nand/nor gate microcircuit (right), introduced recently by Sib- 

Microcircuits Stimulate Avionic Changes 


By Barry Miller 

Los Angeles— Avionics manufacturers and their customers are accelerating 
a drive to reduce to practice the promise of microcircuitry in an effort to 
realize significant savings in reliability, cost, size, weight and power. There 
is scarcely a military agency or avionic equipment manufacturer not now 
immersed in at least tentative design of prototype equipment using micro- 
circuitry entirely or in part. 

Concurrently, fundamental changes in relationships between parts sup- 
pliers and users fashioned by the introduction of microcircuit technologies 


will become increasingly apparent. 

Many of the strains besetting the 
entire avionics industry— increasing com- 
petitiveness, continuing vertical growth 
of avionics companies, overcapacity and 
price deterioration in the semiconductor 
industry— will become more acute as 
both microcircuit users and suppliers 
jockev for favorable positions in this 
field ' 

Indications that the military, particu- 
larly the Navy and Air Force,' will play 
a pioneering role in the adoption of 
microcircuitry for avionic needs, as they 
did in research and development phases, 
became evident last year. Primary aims 
of the services arc a minimum of an 
order of magnitude increase in reliability 
to bring corresponding declines in main- 
tenance costs, and weight and size re- 

Thc Avionics Division of the Navy’s 
Bureau of Weapons has notified indus- 
try of its microcircuit plans that call for 
the following: 

• Development models of digital equip- 
ment with clock rates not in excess of 
about 1 me. delivered to the Navy after 
Jan. 1, 1965, to be largely, if not en- 
tirely, constructed using microcircuit 
techniques. 

• Production equipment delivered after 
Jan 1, 1966, employing digital circuits 
with clock rates not exceeding 1 me. to 


be largely, if not entirely, constructed 
using microcircuit techniques. 

Spirit and intent of BuWeps’ attitude 
will be reflected in what may be the 
Navy's next major avionics procure- 
ment- the avionics package comprising 
inertial system, central digital computer, 
communications and sensors of its VAX 
attack aircraft 

For this job, avionics companies are 
expected to be evaluated for their micro- 
circuit as well as digital computer and 
systems capabilities. Study contractors 
may be selected in a competition involv- 
ing, among others: Autoneties, General 
Electric, General Precision, Interna- 
tional Business Machines, a Litton In- 
dustries-Texas Instruments team, Min- 
neapolis-Honcvwell, Raytheon and 
Westinghousc. Since last summer, Lit- 
ton has been developing under BuWeps 
contract a miniaturized inertial guidance 
system, believed to represent a trial cut 
at a VAX system. Designated AN/- 
ASN-44, this system will use microcir- 
cuits on the gimbals of the stable plat- 
form, in the navigation computer, in 
heading servos and power supply. 

Planning is in early stages now for 
introducing semiconductor microcircuits 
into the digital computers of future Po- 
laris missile guidance systems. Besides 
possible benefits in reliability, the guid- 


ance package would be reduced in size 
and weight, making possible an exten- 
sion in missile range. The inertial navi- 
gation system of the National Aeronau- 
tics and Space Administration Apollo 
spacecraft is another likely microcircuit 
candidate (AW Jan. 14, p. 81). 

USAF’s improved and advanced ver- 
sions of the Minutcman intercontinen- 
tal ballistic missile also may incorporate 
one or more different types of micro- 
circuits in their guidance systems 
Autoneties, associate prime contractor 
for Minuteman guidance, selected three 
semiconductor microcircuit vendors— 
Texas Instruments, Westinghousc and 
Radio Coip. of America— to supply 1 19,- 
000 circuits to be used in building pro- 
totype Minuteman guidance computers 
this year. Bulk of the order, for both 
digital and analog circuits, went to 
Texas Instruments; a portion of the 
oversupply to Westinghouse. and a spe- 
cial Darlington microcircuit to RCA. 

In addition, BuWeps is pursuing a 
vigorous program of experimental ap- 
plication of microcircuits on a piece- 
meal basis in existing equipment (AW 
July 9, p. 46) and on a prototype basis 
for new equipment. As part of the pro- 
gram, Litton Systems Data Systems 
Division is outfitting 26 AN/ASA-27 
computer indicator systems slated for 
the Navy/Grumman E-2A (W2F-1) 
Hawkeye with eight microcircuit shift 
registers mounted on conventional plug- 
in circuit boards to make microcircuits 
compatible with existing equipment by 
the end of the fiscal year. 

The Guidance and Control Division 
of Litton is converting to microcircuits 
in the central management digital com- 
puter of the Grumman A-6A (A2F-1). 
Sperry Gyroscope is developng a Loran 
C receiver under BuWeps contract 
using Texas Instruments semiconductor 
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Capabilities of Various Microcircuits 



microcircuits us another phase of the 
BuWeps program. RCA is working on 
a high-frequency communications re- 

Of the several types of microcircuits 
available, semiconductor versions ap- 
pear, on the basis of industry-military 
acceptance, to hold the greatest promise 
for ultimate reliability and probable low 
cost. They lend themselves to batch 
processing and have fewer potentially 
troublesome hand-made interconnec- 
tions among elements. Yet at the cur- 
rent stage of semiconductor technology, 
passive components are not being made 
without tailoring in a subsequent step 


to the tight tolerances usually required 
of components in communications, 
countermeasures, reconnaissance and 
analog gear. Consequently, this type of 
microcircuit lends itself more readily 
to use in digital circuitry, where loose 
tolerances and temperature coefficients 
can be accepted, and where, because of 
the large number of repetitive types of 
circuits, batch processing can result in 
appreciable cost reductions. 

Much of the microcircuit equipment 
now being built is digital. For these 
reasons, manufacturers planning to in- 
corporate microcircuits can be expected 
to use digital circuitry as extensively as 


CAREER OPPORTUNITIES IN THE 

5 AREAS OF 

DALMO VICTOR 

SYSTEM 

CAPABILITIES 

The explored and unexplored regions ol the 
luture otter endless challenges. Dalmo 
Victor's contributions in tlve chosen areas 
ot specialization otter career opportunities 
to men ot vision, imagination and shills: 

1 AIRBORNE ANTENNAS Important link 
In the successful operation of tactical 
and strategic weapons systems Com- 
pact, high-performance antenna packages 
for search and track, terrain avoidance, 
ground mapping, tire control and a broad 
scope ot other protects. 

2 AEROSPACE TRACKING SYSTEMS 
Massive ground-based command and con- 

Icatlons lor vehicles making deep space 
penetrations. Oalmo Victor has the capa- 
bilities of producing complete complexes, 

3 MICROWAVE SYSTEMS Dalmo Victor 
has been deeply committed In microwave 
systems tor many years. Leadership has 
been established In telemetry, automatic 
tracking, countermeasures, and distance 
measuring with capabilities for satellite 

4 MAGNETIC SYSTEMS Another Dalmo 


5 GROUND SUPPORT EQUIPMENT In 

dustries, another Textron company, Dalmo 
Victor supplies a wide range ot ground sup- 

cilities and talents, Dalmo Victor provides 
Important single-source responsibilty. 

The page opposite describes one ol the 
many Dalmo Victor achievements. Scien- 
tists and engineers of unusual ability are 

Victor concepts. It you would like to work 
in this creative atmosphere, and enjoy 
the many advantages ot living in the San 
Francisco Peninsula area, investigate 
a career with Dalmo Victor. It can be 
most rewarding. 

□ An Equal Opportunity Employer □ 
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DALMO VICTOR MEASURES THE "MISS" IN MISSILES How close does an attacking missile 

approach a target? Dalmo Victor's non-cooperative Distance Measuring System gives a continuous 
digital readout of the range— accurate to the foot! Typical of Dalmo Victor's microwave versatility 
is this company-sponsored research and development project. This DV concept uses high resolu- 
tion pulse radar techniques— with both the transmitter and receiver housed in the target. Not only 
is this new system important for missile evaluation and scoring, but its accurate range measure- 
ments can offer important advantages for satellite rendezvous, orbital docking, lunar landings and 
other sophisticated space operations. □ Microwave systems are another example of Dalmo Victor's 
project capabilities. DV is in the vanguard of the new developments in our major product areas, 
if you are interested in becoming a part of these challenging programs, Dalmo Victor currently 
is inviting applications from qualified scientists and engineers. For further information contact: 
Director, Scientific and Engineering Personnel. 

DALMO VICTOR COMPANY isis industrial way- belmont- calif. 
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O.K.toLcwL 


Haydon Switch Incorporated 6100 
Series miniature hermetically sealed 
switches sound a warning horn in 

1. If the flaps are not in the proper 
position for take-off; 

2. If the flaps are not in the proper 

3. third" switch puts a "gain 

tinels, insuring giant Convair Jet 
880's passengers and crew on 
every landing, night and day. 



Iremes— protect vital switching functions 
trom ice. snow, mud, jet tuel, temperatures 
from -65° to +300°F., pressure changes 
trom 0 to 80,000 It. 



WATERBURY 20, CONNECTICUT 
756-7441 




possible, a move that will parallel the 
separate, steady trend toward digital 
aerospace equipment. 

Thin film microcircuits do offer ad- 
vantages in that they can be made in 
wide ranges of resistance and capacitor 
values, and tight tolerances with close 
temperature coefficients. Despite prog- 
ress in active thin film devices, needed 
for a complete thin film system to be 
manufactured in a single vacuum proc- 
ess (AW Feb. 4, p. 68), these devices 
are years behind even quality types of 
commercially available transistors and 
diodes. The thin film mircocircuit, 
with or without active elements, may 
prove advantageous in radiation en- 
vironments. 

For a complete thin film circuit at 
present, active elements must be added 
either in the fonn of discrete conven- 
tional transistors or in hybrid combina- 
tions of semiconductor microcircuits 
with separate passive thin film circuits 
or with thin films of resistors and capaci- 
tors deposited over a passivated semi- 
conductor microcircuit. 

The two techniques— thin films and 
semiconductor techniques— are now re- 
garded as largely complementary, rather 
than competitive, following recognition 
bv the Air Force (AW Jan. 23, 1961, 
p. 19) of a need for mating the best 
of both approaches, which is sought 
in a three-vear program awarded to 
Motorola. 

Increasing Vogue 

Microcircuits which use the smallest 
available conventional components are 
coming into increasing vogue, although 
restricted because they do not promise 
the same high reliability and low cost 
as other types. Where difficult assembly 
techniques are not required and small 
size and flexibility of discrete com- 

C orients can be used to advantage, per- 
aps as potted or packaged modules, 
these microcircuits are appearing with 
increasing frequency. In sections of 

doctor microcircuits cannot be em- 
ployed effectively, small micro-compo- 
nents could be applied extensively. 

As an indication of industry-sup- 
ported efforts, various types of airborne 
and ground-based digital computers 
using semiconductor microcircuits ap- 
peared in recent months— including 
computers introduced by Martin. Libra- 
scope, AC Spark Plug and Remington 
Rand. 

If semiconductor microcircuits were 
to be confined to digital applications 
alone, their future with respect to com- 
petitive types might be seriously com- 
promised. given the large volume of 
non-digital avionics equipment. Semi- 
conductor microcircuit producers, there- 
fore, are trying to reduce manufactur- 
ing costs further by mastering of circuit 
masking, the high cost step in making 



digital techniques 

are being applied to communi- 
cations in the development of the 
first true digital hf frequency 
synthesizer. Highlighting 
Hoffman's 20-year success record 
in mil-spec communications gear, 
this highly stable, all-modular 
device will be the "heart" of near- 
future military and commercial 
communications systems. 


transmitters and 
receivers 

Hoffman-developed in recent 
years include one of the smallest 
5 kw hf linear transmitters yet 
produced and thefirsttransistorized 
VLF receiver, as well as a variety 
of other mil-qualified special 
equipments covering the frequency 
range from VLF up to and 
including microwave. 


specialized 

antennas 

reflecting Hoffman capability 
include a retractable hybrid helical/ 
whip that produces extremely 
high efficiency. Continuously 
tunable over its entire frequency 
band and developed for sub fleet 
service, it is readily adaptable 
to hardened missile sites and 
mobile vehicle mounting. 


applied research 

is enhancing Hoffman capability in 
areas including original laser 
modulation techniques and 
parametric amplifiers for receiver 
head ends. Work is headed by 
Dr. Lloyd DeVore, shown here 
with Dr. Gerhardt Megla. 

If you have a problem involving 
mil-spec communications gear, 
call on Hoffman for help. 


Hoffman / CORPORATION 


AVIATION WEEK & SPACE TECHNOLOGY, March 11, 1963 




Military Products Division 
3740 S. Grand Ave., Los Angeles 7, Calif. 




MIL-SPEC NUVISTORS 


The RCA-7586, 7895 and 7587 nuvistors are designed 
and manufactured to meet current military specifications 


Now you can incorporate the proven performance 
advantages of the tiny nuvistors into your military 
equipment designs. 

Three important nuvistor types are designed to 
meet the current military specifications listed below: 


NUVISTOR TYPE MIL-SPEC. NO. OATE 



Nuvistors have exceptional uniformity of character- 
istics from tube to tube and throughout life; and high 
transconductance at low plate current and voltage. 
These highly reliable tubes feature: 

• Low voltage operation • Low power consumption 

• High input impedance • Low noise 

AND... nuvistors are in the class of active electronic 
circuit components least susceptible to catastrophic 
failure from nuclear radiation . 

MIL-SPECS . . . compactness . . .outstanding perform- 
ance— are the benefits you have immediately available 
to you by designing these nuvistors into your military 
equipment. It will be well worth your while to find out 
more about these unique new tubes by calling your 
nearest RCA Electron Tube Div. Field Representative. 

RCA ELECTRON TUBE DIVISION. HARRISON, N. J. 



The Most Trusted Name in Electronics 
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linear microcircuits. These are gener- 
ally short production run items. 

The Armament and Control group 
of General Electric's Light Military 
Electronics Department is developing 
two flight control systems that use 
semiconductor microcircuits to satisfy 
roughlv 90% of the circuit require- 
ments, the company reported recently. 

One combines variable increment 
digital computing with triply redundant 
majority logic voting. The other per- 
forms an analog function, making use 
of pulse width modulated digital signals 
to simulate analog values, an indication 
of an adaptation to digital microcircuits. 
The latter is self-adaptive, is triply re- 
dundant and uses majority logic voting. 
Despite the triple redundancy for 
higher reliability. GE estimates the elec- 
tronics of such systems, using micro- 
circuits. would occupy half the volume 
of a non-redundant conventional sys- 
tem using a discrete component, high- 
packing density assembly technique. 

System manufacturers delving into 
microcircuitry have tended to concen- 
trate on passive thin film capability for 
any one of a number of reasons. These 
include a belief that this approach is 
superior or more readily adaptable at 
this stage to manufacturing, that it is a 
necessary complement to semiconduc- 
tor capability to be supplied by another 
company division or by the traditional 
vendor, or that it constitutes a practical 
economic choice. Some companies, like 
GE's Light Military Department, have 
a complete capability tor design, art 
work, camera reduction mask making 
and processing plus associated skills at 
the manufacturing levels. 

GE says it can produce 1,000 thin 
film circuits of different types per fac- 
tory shift, all properly subject to quality 
control. Similarly, Lear Sicgler’s In- 



ThermoelectricConverter 


Thcnnoclcctric converter consisting of 36 

sun’s heat into electrical power by the Sec- 
beck effect has been tested by Air Force’s 
Space Systems Division in an unidentified 
space shot. Made bv General Dvnamics 
General Atomics Division under Aeronauti- 
cal Systems Division contract, the 4 in. x -I 
in. converter generated between 1 3nd 1.3 
watts/sq. ft. in space. 



ERCO MEANS EXTRA-RELIABLE COMMUNICATIONS 


The business of ERCO Radio Laboratories Inc. is solely the design/manufacture of 
high-performance, reliable radio communications equipment for use in airport towers, 
control communications stations, and other vital communicating centers. Since 1929 
ERCO'S traditional advanced thinking and its intensified specialization has enabled 
it to incorporate in its equipment the latest advances to meet the most stringent 
needs of critical communication uses ■ ERCO'S unique modular construction 
technique enables it to custom-design to your requirements with significant savings 
in time and cost. ERCO engineers are always ready to discuss your particular radio 
communications problem with you. 



ERCO RADIO LABORATORIES, INC. . GARDEN CITY. N.Y. 
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BOOTS CAPPED LOCKNUTS 

Increase Reliability of Assemblies 



Above - Boots capped locknuts increase assembly reliability under 
conditions of vibration by preventing the abrasive removal of in- 
sulation from wires near protruding bolt threads. 

Below — Boots capped locknuts provide protection for delicate ex- 
posed circuits by effectively trapping metallic flakes or other fallout 
resulting from assembly of screw and nut. 



Other advantages — Boots capped locknuts prevent damage from 
over-length screws, provide liquid seal in tanks, give neat appear- 
ance, make possible ease of inspection when provided with probe 
hole and protect threads from galling in high temperature and cor- 
rosive atmospheres. A-286 stainless types have low magnetic perme- 
ability. Write for literature which describes types and wide ranges 
of regular and miniature sizes. 



Boots Aircraft Not Division 


Norwalk, Conn. 



Strument Products Division is producing 
equipment under contract in a manu- 
facturing environment, complete with 
quality control, inspection and support. 
It reports a 320 microcircuit per 3-lu. 
vacuum cycle capability, with circuits 
deposited on 1 in. sq. substrates. A 
similar facility is installed and ready for 
production in Lear Siegler's Astronies 
Division. International Business Ma- 
chines has developed a large thin film 
operation for the Naval Avionics Facili- 
ty at Indianapolis. 

Producers of semiconductor micro- 
circuits generally are transistor and 
diode manufacturers or, as in the ease 
of newly formed companies like Sig- 
nctics, Silicon is and the semiconductor 
group of Amcleo. originate with tradi- 
tional semiconductor component 
makers. About a dozen companies to- 
day arc making standard and or custom 
semiconductor microcircuits. These in- 
clude. besides the indicated newcomers, 
Fairchild Semiconductor. Texas In- 
struments. General Electric. Pacific 
Semiconductors. Motorola. Svlvania, 
Radio Corp. of America. Pliilco. Wcst- 
inghnnsc and Raytheon. 

For the semiconductor field, semi- 
conductor microcircuits, evolving as they 
do from technologies perfected and 
nourished there, represent in large 
measure not only an escape from to- 
day’s overcapacity and price competi- 
tiveness but also an area of future 
growth. 

Since the microcircuit is not simply 
another part, but consumes some of the 
engineering and design that the user 
previously added in making his product 
and from which the user derived a por- 
tion of his profit, it is not certain that 
lie will stand by and pennit his former 
suppliers to usurp a portion of his 
business. Major avionics equipment and 
systems manufacturers have wrestled 
with this problem recently and are 
making decisions about what course to 
follow. 

Some may want to acquire the capa- 
bility for any combination of reasons. 
These include a desire to retain circuit 
design prerogatives, an interest in re- 
maining on a favorable footing with 
competitors which have this capability, 
belief that it may be a prerequisite for 
securing military business, or a desire 
to broaden product bases and thereby 
boost volume. Most semiconductor 
companies in the microcircuit business 
are divisions or subsidiaries of equip- 
ment manufacturers, which offer a con- 
venient market and which loom as chal- 
lenging competitors to other, less-wcll- 
cquipped manufacturers. 

A number of aerospace companies 
such as Autonetics and Litton are choos- 
ing what may be a middle ground- 
starting an in-house R&D capability in 
semiconductor microcircuits. For com- 
panies of this type, the consulting firm 
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of Arthur D. Little, which recently sur- 
veyed these problems, sees these ad- 
vantages to such in-house capability: 

• Contractor can stay abreast of de- 
velopments and if necessary take an 
active lead. 

• Contractor can qualify for. bid on, 
evaluate, specify, buy, test, install and 
guarantee microcircuit equipment. 

• Contractor can with slight additional 
investment move into production of 
microcircuits. An R&D facility. Little 
notes, can produce surprisingly large 
quantities of such devices if it is re- 
quired to, making possible an easing 
into microcircuit production. 

Little expects one computer manu- 
facturer, accounting for 70% or more of 
the commercial computer market, to 
integrate downward providing itself 
with complete microcircuit capability 
and thereby absorbing in itself a sizable 
portion of this potential market. 

Tendency for the large equipment 
maker to do it himself will severely bind 
the independent microcircuit producer. 
Markets for the independent would 
center principally with small users un- 
able to afford in-house capability, mak- 
ing too diverse a range of products to 
allow further standardization and thus 
preventing price reductions to stimulate 
more extensive use. 

Semiconductor microcircuit producers 
are vigorously seeking footholds as sup- 
pliers in most of the early microcircuit 
equipment programs. Some have chosen 
to hold their shots for programs they be- 
lieve will reach production, but they ap- 
pear to see their future in this business 
linked to ultimate close participation 
with the user on specific projects. 

Many have introduced standard 



Microcircuitry Facility 

New microcircuit development facility re- 
cently opened by General Electric's Light 
Military Electronics Dept., Utica. N. Y.. 
includes multiple-turret thin-film deposition 
chamber with eight cylinders each of which 

can be remotely controlled. New GE lab- 
oratory has facilities also for producing semi- 
conductor microcircuits and combination 
(hybrid) devices. The 6,000 sq. ft. labor- 
ing facility opened six months ago. 
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RAYTHEON 

can meet your requirements for 

TWT’s 

in radar, ecm, communications, 
test equipment, phased arrays 

In the TWT business, Raytheon specializes ' 
in advanced design and high performance. 
Raytheon designs, develops and manufac- 
tures so many TWT’s, chances are we already 
have something to fit your needs. • Low 
power? High power? Driver or power ampli- 
fier? Raytheon supplies advanced-design 
TWT's from milliwatts to hundreds of kilo- 
watts. Here is extensive experience in all 
types of TWT's... helix, loaded wave guide, 
folded wave guide and ring-bar construction, 
PPM and solenoid focusing, low, medium, 
high power, wideband and high gain. • Take 
for example the new QKW1013, one of the 
most sophisticated TWT's ever produced. De- 
signed especially for broadband phased ar- 
rays, it offers an extraordinary combination 
of phase linearity, gain uniformity vs. fre- 
quency, tube-to-tube uniformity, long life and 
low cost. • As you know, Raytheon has 
across-the-board capability, contributing in 
depth to every sphere of microwave power 
generation -magnetrons, klystrons, ampli- 
trons, M-BWO’s, O-BWO's, TWT's. This gives 
Raytheon a uniquely objective approach in 
recommending the proper device for the job. 
Your Raytheon Sales Engineer will be glad 
to help you select the tube best suited to 
your needs. • Raytheon Company, Microwave 
and Power Tube Division, Waltham 54, Mass. 
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microcircuit products and one or two, 
like Fairchild, have enjoyed consider- 
able sales success. Some, like Motorola, 
Signetics, and Fairchild, supply indivi- 
dual semiconductor components made 
on separate chips which the customer 
breadboards as he wishes and returns 
to the producer, who duplicates the cir- 
cuit in microcircuit form. Others, like 
Texas Instruments. General Electric 
and now Signetics, offer arrays of tran- 
sistors and resistors fabricated on a 
silicon slice (AW Aug. 27. p. 69), per- 
mitting the customer to specify which 
are to be connected into desired cir- 
cuits in a subsequent, custom process- 
ing step. 

Each of these steps is looked upon as 
a necessary interim phase in introducing 
microcircuits to the industry. Eventu- 
ally, producers hope to approach manu- 


facture from the point of view of the 
circuit function, rather than as a com- 
ponent for component replacement. In 
this way, they feel, the semiconductor 
processes can be utilized more efficiently. 

One factor which may help present 
producers to take and hold a lead in 
microcircuit design is the need for 
various logic organization systems to 
sidestep low component tolerances in 
semiconductor microcircuits. Each of 
these appears to have relative advant- 
ages in terms of power dissipation, sig- 
nal delay time and noise rejection, but 
since most arc new to digital circuit de- 
signers, the producer is taking the initia- 
tive in a circuit design area. This will 
necessitate an even more close working 
relationship between the producer and 
the user in translating the latter’s re- 
quirements into proper circuits. 
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MINCOM SERIES CM-IOO RECORDER / REPRODUCER 

Data loss from dropouts is practically eliminated in the CM-100, due to this unique system's 
predetection recording capability. In ordinary post-recording, a dropout more than 6 db down is gen- 
erally considered a data loss; the CM-lOO’s operational predetection performance retains such 
signals through superior phase charactei^tics and extended bandwidth. Mincom's CM-100 
Recorder/Reproducer, performing longitudiw®s'ording with fixed heads up to 1.5 me at 120 ips, 
also offers 7 or 14 tracks, trouble-free dynamicT^King, complete modular plug-in assembly, built-in 
calibration, instant push-button selection of s^oeeds. Versatile, reliable, a model of simple main- 
tenance and operation, the CM-100 is tops in its field. Write today for detailed specifications. 
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DC-4 Monitors 
Cape Launches 

Radar-equipped DC-4 is being used by the 
Avco-Evcrctt Research Laboratory to nioni- 

from Cape Canaveral. Program is being 
sponsored jointly by the USAF Ballistic Sys- 
tems Division and the U. S. Army Materiel 
Command. Electronics equipment (right), 

stallutions for measuring ballistic missile 
re-entry phenomena. Data will be used in 








round, 

rugged 

and 

reliable? 


Roller contacts, that's what! The same proven roller contacts 
that make United Control the quality leader in motorized Power 
Transfer Switches for aerospace and industrial application. The 
efficient roller contacts that assure you fast, dependable power 
transfer whenever you need it. The roller contacts that get the 
job done long after cyclic life requirements have been passed- 
a sound engineering bonus that costs you nothing. 

Why roller contacts? Simple. They give you remarkable freedom 
from detrimental arcing and high pressure contact erosion. The 
positive rolling action on the contact segment provides an ex- 
tremely effective type of surface cleaning. High mechanical 
loading of the free-floating, self-aligning rollers yields high con- 
tact pressure and low contact resistance, superior vibration 
characteristics, and contact ratings in excess of 300 amps. And 
check all these features- 

• Compact, hermetically-sealed packaging 

• Low power requirements 

• Multiple circuits with contact redundancy 

• Make-before-break or break-before-make operation 

• Various silver alloys available for rollers 
and contact segments 

• Normal operation under vibration levels above 
20 g's at 2,000 cps 

• Life in excess of 10,000 cycles 

For more information on United Control Power Transfer 
Switches, or the complete line of flight, propulsion, temperature 
and environmental controls, and accessory systems and com- 
ponents, write or call United Control today! 



UNITED CONTROL CORPORATION 

Overlake Industrial Park, Redmond, Washington 
Dial: 206-885-371 1 TWX^ 206-999-1 874 




The tape with the built-in duster ! 


1000 times greater conductivity than ordinary tapes! That's 
how •‘Scotch” brand Heavy Duty Tapes drain off static 
charges before they can attract dust. That’s the built-in duster 
that flicks away the growing danger of dust-caused dropout 
errors ... a danger greater than ever as higher and higher re- 
corder speeds and tape tensions generate more and more static. 

Electrical resistance of the oxide coating of “Scotch" Heavy 
Duty tapes is 50 megohms per square or less. The resulting 
conductivity, unusual in magnetic 
tape, not only avoids dust contam- 

static problems as tape drag and 
skew, noise induced by arcing. 

Heavy duty formulation of binder 
and high potency oxides withstands 
temperatures from -40 to as high 
as +250°F to conquer high head 


* 0 * 


heat, assures tapes that outlast standard tapes by at least 15 
times. Exclusive Silicone lubrication reduces recorder head 
and tape wear. And “Scotch” Heavy Duty Tapes are offered 
for all high-speed applications, even for extreme high fre- 
quency and short wavelength requirements. 16 different con- 
structions include a variety of backing and coating thicknesses. 

TECHNICAL TALK Bulletin No. 4 provides detailed dis- 
cussion of the effects of static electricity on instrumentation 
recording, offers helpful information in solving static-caused 
problems. It's free. Write 3M Magnetic Products Division, 
Dept. MCJ-33, St. Paul 19, Minn. 


magnetic Products Division 
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AT RADIATION. IDEAS BECOME REALITY 

Example: Antennas of diversified design 


An effective antenna most provide far more than a sum of its 
parts. For maximum efficiency, it must be considered on integral 
part of an entire system rather than an individual component. 
That's why Radiation engineers experienced in complete sys- 
tems development consistently base final design parameters on 
ullimale application. The success of this system oriented ap- 
proach is evidenced by scores of Radiation antennas sweeping 
the skies from the Pacific to the Atlantic Missile Ranges. 

Thus, Radiation has developed more experience in auto- 
matic tracking antenna design and application of telemetry 
techniques than any other company. A 12-foot dish antenna, 
featuring new all solid-stote tracking servo system and mode 
switching logic, is now under development for the X-20 (Dyna 
Soar) program. Two high-goin, wideband 85-foot antenna 
systems will soon be put into service on the Atlantic and Pacific 
Missile Ranges. Radiation quad-helix array antennos with 


Ground/Spocecratl Information Handling Syilen 


phase monopulse tracking hove been delivered for Bell's 
Telstar Project. And now. Radiation’s broad-band "Telscom" 
antenna is available. Telscom combines acquisition and track- 
ing operations for telemetry, surveillance and communications 
and operates from 200 to 2,300 Me. 

These examples illustrate Radiation's unique contributions 
through advanced research and production techniques. If 
your interest lies in this field, you'll find a challenging and re- 
warding future at Radiation. Write for more information or 
send your resume to: Personnel Director, Dept. SA-4, Radiation 
Incorporated, Melbourne, Florida. Radiolion is on equal 
opportunity employer. 



RADIATION 


Melbourne 
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Helicopters 


Marine Sikorsky HSS-2Z modified for presidential mission flies over Washington. 
Jefferson Memorial is in foreground, Washington Monument at upper left. 
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Navigation problems of Anti-Submarine-Warfarc Helicopters are complicated 

by constantly changing positions of submerged submarines 

and the movement of base ships or convoy. These problems are 

efficiently solved with the PHI 200 

and its specialized A.S.W. System Options. 



The multiplicity and complexity of search patterns plus the difficulties 
imposed by adverse weather conditions are mastered 
by the all-weather capability of helicopters combined with the operational 
simplicity of the PHI 200. Input sources of the PHI 200 are Doppler 
and Directional Gyro, Tacan and Magnetic Compass or Inertial Platform. 
The PHI 200 is a further development of the Position and 
Homing Indicator Navigation System designed and developed by Computing 
Devices of Canada Limited. The PHI systems (adopted by 10 Nations 
of the Free World) have received universal acclaim for their reliability, 
accuracy, versatility and low maintenance costs. 
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Helicopters Facing Y/STOL Competition 


By David A. Anderton 

Vertical-lift segment of the aerospace industry must look forward to the 
early and necessary solution of many problems before it can hope to grow 
much beyond its present status as a useful military and a limited civilian 
workhorse. 

The bright promise of the small gas turbine, once heralded throughout 
the helicopter field as the way out of most of the difficulties, has led to a 
scries of new problems, not all of them replacements for the ones that were 
faced when reciprocating engines provided the power. 


Helicopters here and abroad continue 
to establish new records for speed, pay- 
load and payload to altitude, but these 
are records only when judged against 
other helicopters, and don't begin to 
compare with the performance of fixed- 
wing aircraft with the same kind of in- 
stalled power. However, the helicopter 
is the only aerial vehicle able to deliver 
operational vertical lift capability. 

Together the United States and Can- 
ada— the two countries where the heli- 
copter has been used most extensively 
and successfully— register less than 1 ,000 
rotary-wing craft. Their combined reg- 
istry of fixed-wing aircraft approximates 
100 times that figure. 

Development of VTOL and STOL 
aircraft types has shown performance 
approaching the helicopter in a vertical 
sense and surpassing it in horizontal 
dimensions. These specialized aircraft 
are designed to operate in the current 
environment of fixed-wing aircraft; they 
won’t require special airports, although 
they will use them if they are available. 
Most of the current crop of develop- 
mental VTOL projects are being de- 
signed to work out of standard heli- 
ports; these latter facilities, once- 
thought to be simple squares the size of 
a tennis court, have grown to be more 


complex and to the area of a football 
field. 

These problem areas sent- to define 
the dilemmas facing the rotary-wing 
industry. These are problems that exist 
now and must be solved in order to 
achieve some of the bright future that 
has long been predicted for the heli- 
copter. 

This is not to say that the helicopter 
segment of the industry has been mark- 
ing time, or that it is at the bottom 
of a technical trough. There are bright 
areas of individual progress which strike 

Lockheed's work with the rediscov- 
ered rigid-rotor principle has opened 
the eyes of other companies which dis- 
carded this concept some years ago. 
Even though Lockheed has thrown a 
proprietary curtain over its YH-51A. 
some word about the performance of 
the unconventional craft has filtered 
through. It has been enough to drive- 
other designers back to the file cabinet 
and then to the drawing boards for a 
second long look at the technique. 

Bell has been a strong proponent of 
the rigid- rotor system also, and a modi- 
fied Bell helicopter has been flying as a 
testbed for the system. The differences 


between Bell’s and Lockheed’s pro- 
posals in the rigid-rotor system is more 
properly argued on a semantic level 
with a definition of the word “rigid.” 

A truly rigid rotor, like an infinitely 
stiff wing, is a device existing only in 
the mind of a structural designer who 
wants to reduce the large number of 
variables in the structure by at least 
one. lie assumes an mfimtclv stiff struc- 
ture. even though he knows that it 
deflects under loads. The deflections, 
he notes, are assumed small and there- 
fore negligible. 

The rigid rotor starts by not having 
a flapping hinge. That makes it stiffer 
than a flapping rotor, but it doesn't 
make it rigid. The degree to which 
the rotor is stiffened is still a matter 
of individual definition of rigidity. Both 
Bell and Lockheed have, in their own 
terms, rigid rotors. 

So far, the most spectacular results of 
both programs have been some startling 
pictures showing the ability of each ve- 
hicle to cope with large ccntcr-of-grav- 
ity travel. Bell’s rigid-rotor helicopter 
has been shown hovering while Chief 
Engineer Bart Kelley hung from the 
trusswork of the fuselage out near the 
tail rotor. 

Lockheed has shown motion pictures 
of its CL-451 test vehicle with a bar 
rigged perpendicular to the fuselage at 
the cockpit. From this bar was sus- 
pended a trapeze, and on the trapeze 
sat a large man, who swung back and 
forth while the helicopter was hovered 
and flown. 

Both these demonstrations arc stunts, 
like the engine-out flybys at Farn- 
borough or the Paris Air Show. From 
the outside they look impressive and 
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in a HAWS Emergency 
Drench Shower. 

Burning, corrosive, causlic 
contamination can inflict injuries 
more dangerous than blazing 
clothing! Contamination by 
acids, chemicals, volatile fuels, 
radioactive elements, etc., 
must be instantly countered by 

with clear water is the first 

injury. HAWS leads in 
design and production of 
Emergency Drench Showers! 
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DRENCH SHOWERS 


INDUSTRIAL COLORADO 



PRIME SITE FOR SPACE-AGE INDUSTRIES! 

Locale in the middle of the great new industrial west... right between the giant west coast and 
expanding midwest markets. Locate in Colorado, the transportation hub west of the Mississippi, 
Many of the nation's leading space-age companies have Colorado addresses. Research and education 
facilities in Colorado are among the finest in the nation. "Site-See" Industrial Colorado now... 
right from your own desk. 


WRITE TODAY FOR FREE EXECUTIVE 
PORTFOLIO.. .-INDUSTRIAL COLORADO" 



COLORADO 
DEPARTMENT 
OF DEVELOPMENT 

12 STATE CAPITOL DENVER 2, COLORADO 



they certainly make the point; but the 
observer doesn't see how hard the pilot 
may be working and doesn’t know how 
the aircraft was loaded. 

But the ability to perform stunts does 
not detract from the very real advantage 
of the rigid-rotor system. Its ability to 
handle large variations in center-of- 
gravitv position makes the system a 
strong contender for future designs 
where indiscriminate loading, or sudden 
changes in loading, are requirements. 
Examples of the former are transport 
helicopters; of the latter, an armed heli- 
copter which discharges its armament 
suddenly. 

Bell supplied another bright spot 
during the past year with its detailed 
development of a high-speed concept 
applied to its UH-1 model (AW Dec. 
10. p. 52). Tlic use of an improved 
rotor system, with changed mechanical 
parameters, plus a streamlined fuselage 
and cleaned hub and mast, raised the 
speed level well above the routine veloci- 
ties usually reached with the type. 

This basic improvement of an exist- 
ing aircraft, which was done partly by 
redesign and rebuilding, and partly by 
filling in the gaps with foam plastic and 
glass fiber, points the way to a further 
development of a "clean" helicopter 
starting with the first lines of a new 

Progress in the Army's light observa- 
tion helicopter program gave some im- 
petus to rotary-wing development dur- 
ing the past year, although it is much 
too early to say which of the three com- 
peting tvpcs-Bcll. Hiller and Hughcs- 
has contributed most to the state-of-the- 
art. Earlier problems with the power- 
plant for the LOH scries— the Allison 
T6J turboshaft engine-caused some 
forced-draft engineering at the Indian- 
apolis manufacturer's plant, and gave 
added emphasis to the development of 
an alternate powcrplant, the Conti- 
nental T65 (AW Feb. IS. p. 79). 

In a few months from now. Army 
will have to decide what to do with 
the entire LOH program, which started 
out to be a competition for a single 
airframe and a single engine, and now 
involves three airframes and two en- 
gines. Army, which has much modern- 
ization to do in many of its vehicle de- 
signs, may be pressed for enough funds 
to earn' tiie LOH program at the levels 
originallv envisioned, when its propo- 
nents were talking in terms of several 
thousand helicopters. 

Increased Army interest in the Bell 
Warrior concept (AW Feb. 18. p. 26). 
mav further dilute the money available 
for' LOH funding. Such a concept, if 
developed, is going to be essentially a 
rotarv-wing fighter, especially designed 
for escort of Sow and vulnerable troop 
carrier helicopters in Vietnam and simi- 
lar situations. 

The Navy has financed development 


.ice Cord 
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of advanced, gas turbine-powered heli- 
copters for its search and rescue, and 
anti-submarine tasks. First units of 
the Sikorsky SH-3.A and Kaman UI1-2A 
have gone into sen-ice with the fleet and 
are providing the Navy with its first 
operational experience with high-den- 
sity, gas-turbine, electronically sophisti- 
cated helicopters. 

The Air Force continues to give little 
support to the helicopter, largely con- 
tinuing purchases of Kaman IIIl-43Bs 
for rescue work, a role in which this gas 
turbined aircraft has covered itself and 
its flight crews with distinction. USAF 
also is buying the Sikorsky S-61R. a 
rear-loading version of the Navy SI 1-3 A 
on an interim basis in its SOR- 1 90 pro- 
gram. and may increase its helicopter 
inventory' for missile-site support. 

Problems of New York Airways have 
not added to the helicopter’s luster. 
Two forced landings in the waters of 
New York Harbor have led the list of 
teething problems of the gas turbine- 
powered helicopters going into service 
with the carrier and have often forced 
the use of substitute piston equipment. 
But lack of equipment happens less 
often now, and load factors recently 
have increased. 

New York Airways shares with three 
other lines— Chicago Helicopter Air- 
ways, Los Angeles Airways, and San 
Francisco & Oakland Helicopter Air- 
lines— the distinction of being the only 
helicopter common carriers in the 
United States. 

The great advantage of the helicop- 
ter airline is the saving of time, for the 
traveler who has to make a schedule 
and is willing to pay the high fare in 
order to do so. Even with relatively 
high fares, subsidy requirements remain 
substantial, and cuts sought by Con- 
gress are restricting additional acquisi- 
tion of turbine-powered equipment. 

The helicopter airlines have another 
problem, too. When they were first 
organizing, they laid out a network of 
routes into the suburbs, against the day 
when they could function as a high- 
speed transportation network, feeding 
passengers to the airlines at the metro- 
politan airports. 

By and large, these networks exist 
today only on paper. 

In some cases, an occasional city did 
build a heliport, and opened it, with 
appropriate fanfare, to helicopter traffic. 
Typical of these was Paterson, N. J., 
an industrial city about 25 mi. from 
the nearest commercial New York air- 
port. A helicopter taxi service moved 
in. and shortly after moved out for lack 
of customers. 

In Ridgewood, N. J.. half-a-dozen 
miles to the north, there are plenty of 
potential customers. According to 'one 
survey of the town's business travelers, 
almost 100 men leave on a business trip 
every day, and most of them travel by 
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air and require transportation to the 
airport. But Ridgewood officials were 
among those who called the helicop- 
ters noisy and dangerous, and that sub- 
urban village remains without a heli- 
port and rotary-wing sendee. 

These typical reactions probably go 
a long wav to explaining why one of 
the major functions of the Vertical- 
Lift Council of the Aerospace Indus- 
tries Assn, has been one of public edu- 
cation and promotion of helicopters 
and heliports. Yet as hard as the coun- 
cil worked last year at the develop- 
ment of heliports, the only tangible 
results have been a site selection by- 
Hartford, Conn., and site surveys in- 
itiated by two other cities. 

There were 720 established heliports 
in the U. S. as of last year; this figure 
represents a 50% growth over the pre- 
vious year. But the number includes 
privately owned sites, such as factory 
stops, and so does not reflect the ex- 
tent of commercially usable heliports 
in this country. Statistics published by 
the Vertical-Lift Council also include 
1 00 oil rigs in the Gulf of Mexico, and 
225 heliports and 2.500 unimproved 
hclistops used by the U. S. Forest Serv- 
ice. But none of these adds to the 
score of commercial stops, either. 

During 1962, both the number of 
helicopter operators and the number of 
helicopters in service increased consid- 
erably. In 1962, 322 operators flew a 
total' of 994 helicopters in the U.S. 
and Canada. Helicopter flight schools 
increased from 55 the year before to S5 
last year, reflecting both the increased 
interest in getting a helicopter rating, 
and the optimism in the future of 
rotary-wing craft. 

Military Use 

On the other side of the world, the 
anti-guerrilla action in Vietnam was 
being spearheaded bv the oldest and 
youngest helicopters in the Army units: 
the Vertol CH-21 series and the Bell 
UH-1 series. Both these types were 
praised for the job they were doing, 
which no other type of aircraft could 
do; both shared criticism directed 
vaguely at maintenance or vulnerability, 
without too much in the nature of 
specific charges. But some of the les- 
sons of the Korean War a decade ago 
had been learned, and the current heli- 
copters are being used in ways that 
were unimagined then. Loss rates in 
Vietnam were criticized by public offi- 
cials, but countered by Army officers, 
who explained that their combat-loss 
rate was considerably lower than their 
in-training rate or even normal attri- 
tion (AW Jan. 7. p. 27). 

Planners are also looking forward to 
the time when they can incorporate 
tactical VTOL aircraft into their plans. 
Major step in that direction was the 
awarding of the XC-142A VTOL 


transport to a team of Vought, Hiller 
and Ryan. Last fall, the mockup ol 
the aircraft was reviewed and approved 
with minor changes. Detail design of 
the XC-142A is working toward a peak 
now and the program is on schedule 
(AW Jan. 14. p. 60). 

There were some problems in con- 
nection with the award, though. After 
it was announced that the team had 
won the tri-sen-ice VTOL transport 
competition, one of the services-the 
Navy— pulled out to sponsor its own 
idea of a winner. The Nan- had not 
favored the tilt-wing approach, and de- 
cided instead to fund the development 
of the Bell X-22A. a vehicle using four 
ducted fans and officially classed as a 
research aircraft of the variable-stability 
type (AW Oct. 1, p. 38). 

X-19 Completion 

Air Force also put some oi its money 
into the completion of the Curtiss- 
Wright X-19A. an unusual VTOL type 
featuring four small-diameter rotors 
which use the radial-force principle to 
amplify their normal thrust into VTOL 
performance (AW Aug. 6, p. 64). 

Thus the original tri-service trans- 
port competition, planned to effect 
economics by having a single type of 
VTOL transport for all three sen-ices, 
may be headed where most of the skep- 
tics said it would end— in three separate 
programs. 

In another type of VTOL aircraft, 
Ryan and Lockheed-Georgia are com- 
peting against each other and the now- 
flving Hawker P.1127 for a possible 
Army order for a reconnaissance air- 
craft. Ryan’s design, the XV- 5A, uses 
a General Electric X353-5 lift-fan pow- 
erplant, with two six-foot diameter fans 
installed in the wings of the craft, tip- 
driven by the exhaust from a pair of 
GE J85 turbojets. The thrust of the 
turbojets can be diverted to provide 
propulsion for fonvard flight after the 
transition from the vertical takeoff mode 
into horizontal motion (AW Jan. 21, 
p. 64) 

Lockheed is using the principle of 
the ejectors to obtain large thrust for 
vertical lift. The JT12As in the XV-4A 
blast their exhaust out through a mani- 
fold that resembles some ancient mam- 
mal's backbone, and aspirate enough 
auxiliary air to generate the necessary- 
lifting force. 

Hawker’s P.1127 uses a Bristol Sid- 
deley Pegasus engine, which has four 
swiveling nozzles to divert the exhaust 
through a range of angles from directly 
aft to down and slightly forward of 
the vertical. This British aircraft, which 
carries a DOD designation of XV-6A, 
has one advantage over both the Ryan 
and Lockheed types: it has been on 
flight status for the better part of one 
year, and has performed many transi- 
tions, has flown supersonically, and 
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needed by MITRE. . . 

SYSTEMS MEN 

TO ADVANCE WITH THE SCIENCE 
OF NATIONAL DEFENSE 


When you work on a System at MITRE — 
your work concerns the defense of the free 
world. You think in terms of sub-systems 
that could be a far-flung sensor network or 
an orbiting satellite. A component could be 
one of the world's largest computers. That's 
the size of the challenge at MITRE. 

There are opportunities now at MITRE for 
highly skilled scientist or engineer 
wants to advance with this science. 

As the technical member of the Air 
Force team. MITRE maintains systems 
design control . . . produces performance 
design specifications for new systems 
. technically directs procurement con- 
tractors in the actual system fabrication and 
integration . . . reviews the final system de- 
sign and conceives the approach to full sys- 
tem test and evaluation . . . studies system 
operational capability through live and simu- 
lated exercises on MITRE'S own extensive 
evaluation facilities and design laboratory. 


Here you would be a generalist, rather than 
a specialist, with a sympathy for the total 
system operation and the ability to deal in 
the broad areas of weapons and people and 
radar and computers as well as with the spe- 
cific scientific problem at hand. 

You would be given wide latitude for the 
imaginative, inquisitive approach to prob- 
lems . . always working within a learn ot 
skilled men who have the responsibility for 
an important port on of our national defense 
effort 

Minimum requirements. B S . or M.S.. or 
Ph.O. in these disciplines: electronics, phys- 
ics. and mathematics. MITRE is located in 
pleasant, suburban Boston. Rewards are 
competitive. Write, in confidence, to Vice 
President — T echmcal Operations. The MITRE 
Corporation. P O. 8ox208H. Bedford. Mass. 


Senior members of MITRE'S Technical Staff will conduct interviews 
in New York City during the IEEE Show at the headquarters hotel. 
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TECHNICAL 
HEAD DISPLAYS 

We have an excellent growth op- 
portunity for a man capable of 

design and development of visual 
display devices. Responsibilities 
will include the direction of a 
technical group developing sys- 
tems for the display of both 
graphicand alpha numeric weather 
information. Source material may 
be derived from large scale com- 

Alpha numeric indicators, CCTV, 
special cathode ray tubes or 

gree with emphasis in electronics 
(or a degree in Physics) and at 

RADAR ENGINEER 

data handling and interpretation 

capable of supervising junior engi- 
neers from a radar subsystem 

DIGITAL SYSTEM 
ENGINEER 

. . . with 3-5 years experience in 
logical design of digital equip- 
ment (computers or ancillary de- 
vices). The individual we want 
has a B.S.E.E. or M.S.E.E., under- 
facility with various logic forms 
such as DCTL and ECTl, and is 
familiar with conventional etched 
circuit packaging and micrologic 
packaging. 


salaries, these positions offer out- 



benefits include a fully reimbursed 
advanced education plan. Though 
relatively small, we enjoy the 
security and funding stability of 
a major corporation. 

Mr. R. A. Fuller— on equal oppor- 
tunity employer. 

CORPORATE 
SYSTEMS CENTER 

UNITED AIRCRAFT CORPORATION 

1690 New Britain Avenue 
Farmington, Connecticut 
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most recently has made carrier land- 

^Latcr this year, the Lockheed model 
will complete its transition tests— it has 
been flying for some months now in 
a conventional manner— and the Ryan 
design will take to the air. A competi- 
tive fly-off will complete the Army's 
evaluation of the three aircraft, with 
the winner hopefully to get an order 
for more. This also will involve politics, 
because a reconnaissance aircraft easily 
becomes a reconnaissance/strike aircraft 
with the addition of a few simple ex- 
ternal stores. The Air Force can be 
expected to protest infringement into 
its strike mission. Should the Hawker 
design be favored, there would also 
be expected complaints from officials 
who feel that buying American should 
be the rule. 

Ground Effect Machine 

Finally, off in one corner of the ver- 
tical-lift flight envelope is the ground- 
effect machine, a vehicle which has 
been described as being ideal for travel 
and transport where it has no other 
competition. 

The early development of vehicles 
in this field got off to a good start a few 
years ago, with the backyard construc- 
tion or literally dozens of machines 
which proved little more than the 
principle involved. Now the engineers 
have taken over, and the ground-effect 
machine is beginning to produce some 

Most publicized was the use of the 
British Hovercraft in limited ferry sen- 
ice across the River Dec estuary. In 
this country. Bell has developed con- 
tracts for a Hydroskimmer, primarily a 
water-based vehicle for the Navy, plus 
a development contract from the Port 
of New York Authority for a prototype 
vehicle which could function as an 
emergency vehicle in the soggy marshes 
off the ends of New York airport run- 


Marine GEM 

Deliveries of CEM vehicles have 
also been made by National Research 
Associates, which has built a gas-tur- 
bine vehicle for the U.S, Marine 

Corps. 

But GEM vehicles suffer in the 
U. S. from too much competition from 
other types of vehicles. Roads, water- 
ways and airways arc far more developed 
here than anywhere else in the world: 
the GEM is at home off the roads, off 
the waterways and near the ground. 
Over a swamp it can beat the swamp 
buggy or the various thrust-driven sleds 
that have been used. 

It might prove an answer to Arctic 
transportation problems which still con- 
front the military. 

Tile military' has been unable to find 
any other vehicle better for carrying out 


this type transportation than the now- 
obsolcsccnt Weasel. 

Looking ahead, then, the entire ver- 
tical-lift industry has a tough job to 
accomplish. 

Today's helicopters, aside from detail 
design refinements, haven’t really 
changed much in the 20 years since 
Igor Sikorsky eased his macliine off the 
ground and pioneered the new form 
of air transportation. The blades still 
flap and cone and lead and lag; the 
forces they transmit to the hub and the 
mast and gearbox are complex and still 
incompletely understood. Payload to 
gross weight ratios have improved con- 


siderably. but autorotative descent 
speeds have not decreased. A few ma- 
terials have been changed, here and 
there; some rotors have glass fiber 
blades, titanium shows up in the en- 
gines. Gear boxes arc better than they 
used to be. Vibration levels are de- 
creased. but still very much present. 
The hovering helicopter is still un- 
stable. and in spite of some major de- 
velopments, still is not an all-weather 
aircraft in the full sense of the word. 

But continued, growing military' heli- 
copter programs also underscore the 
unique utility and potential of the ro- 
tary-wing vehicle. 
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Compressing Real-Time Human Effectiveness 
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Aero Jel Commander, newest competitor in the 
turbine-powered business plane market, takes off 
for the start of its flight test program. 


Business Flying 
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This is the Grumman Gulfstream: the most do-everything business airplane there is. Over 100 Gulfstreams 
are now proving it- serving business and industry throughout the world. There are more Gulfstreams in service 
than any other airplane in its class, and their flight records are setting new standards in business flying. Do 
everything, that's the Gulfstream. This versatile business airplane can also be adapted into a 24-seat-plus-cargo 
configuration for military or local service airline use. Grumman Aircraft Engineering Corporation, Bethpage, N.Y. 



CESSNA MODEL 336 SKYMASTER is powered by tandem-mounted 210-hp. Continental IO-360-A engines, carries 4-6 passengers. 


Business Plane Sales Curve Edges Higher 


By Envin |. Biilban 

Dallas— Business aircraft manufacturers predict over-all dollar volume 
will increase 10% in 1963 over last year's factory billings of $180 million 
and aircraft delivered will exceed 1%2's total of 6,697. If these predictions 
are borne out, it will indicate business flying's growth curve, interrupted two 
years ago, has resumed its general upward trend of the past decade. 

For all this show of strength— in the last 10 years airframe builders have 
delivered 60,000 business airplanes valued at approximately $650 million 
wholesale— there are signs of impatience with this growth pattern. Some feel 
that prosperity de-emphasizes problems that are actually holding business 


flying far below its potentials, to at lei 
be achieving. 

Never before have customers had 
such a wide variety of aircraft and equip- 
ment to choose from, with more on the 
drawing boards and in flight test. And 
never before has the overall environ- 
ment to encourage flying-the avail- 
ability of navigation and communica- 
tions aids, general business prosperity 
and income levels— been so favorable. 

But there is wide agreement that in 
the area of point of purchase, in sell- 
ing the goods, the picture needs con- 
siderable bruslnvork to match the 
quality of the product. 

Cessna Survey 

A survey by Cessna Aircraft Co. indi- 
cates that 98.6% of the business air- 
craft market is untapped. 

The problem is basically good sales- 
men and the industry' simply hasn't 
found enough of them to fill' the de- 
mand. Richard Robinson, Cessna do- 
mestic sales manager, points out that 
a nose count of the people actually sell- 


half or a third of the level it should 


ing aircraft shows how thin their ranks 
are. The number breaks down to one 
full-time airplane salesman to every 
500,000 persons in the United States. 
Even disqualifying large chunks of the 
population to increase the ratio of sales- 
men doesn’t begin to bring it to terms 
where the market potential is even be- 
ing scratched, he contends. 

Since the industry generally is con- 
centrating on technological quality, ac- 
quisition of new salesmen and retail 
outlets has been slow and frustrating. 
Beech Aircraft Corp. now expects to fall 
far short of its goal of 188 retail outlets 
by October, an expansion based pri- 
marily on exploiting its entry in the 
low-cost field, the four-place fixed-gear 
Musketeer. This probably will mean 
cutting back plans for first year produc- 
tion of the new airplane by 100 units, 
although Beech still expects to build 
700 in its Fiscal 1963 sales year. 

Other critics within the industry be- 
lieve that the big push to build airplane 


sales outlets and their attendant service 
operations, while curing one problem, 
creates another and cuts the ground 
from under a fundamental building 
block in business flying’s foundation. 

This is training. Frank Martin, 
Cessna marketing division manager, 
notes that efforts to build retail outlets 
have lured many a first-rate flying 
school operation into aircraft sales. Stu- 
dent training, as a result, has sulfeted. 

This is happening at the time when 
public interest in flight training is grow- 
ing, when flight schools should be en- 
couraging this trend. 

Airframe manufacturers have a more 
than academic stake in building this 
segment of the business. Statistics in- 
dicate that at least one of every five 
students buys an airplane on getting a 
license. By improving pilot proficiency 
and increasing the number of instru- 
ment flight qualified pilots, training 
develops market potential for more so- 
phisticated, costlier aircraft. 

Other Opinions 

Another Cessna executive who be- 
lieves the training program is getting 
"soggy" is Senior Vice President Del 
Roskam. He feels that manufacturers 
must take some of the load off the op- 
erator. One approach would be devel- 
opment of new teaching methods to 
simplify the training job, thus cutting 
time needed and reducing costs. 

Use of audio-visual techniques has 
shown that ground school work can be 
halved, without any apparent detriment 
in the quality of teaching. Roskam feels 
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that manufacturers, working with Fed- 
eral Aviation Agency, could study the 
use of programmed learning, so-called 
teaching machines, to make further 
marked reductions in training time, to 
the benefit of students and instructors. 

That interest in flying is at an all- 
time high is indicated by manufacturers’ 
fan mail. Cessna and Piper now are each 
averaging 20.000-25.000 inquiries a 

Desire to own an airplane has devel- 
oped to a high peak, sharply reducing 
former aircraft attrition rates because 
of failures to relieense. 

Where it took seven new airplanes 
to add just one additional plane to the 
active general aircraft inventors’ in 1955 
and prior years because of the high drop- 
out rate, Cessna estimates that average 
attrition now is in the neighborhood of 


U. S. Military and Commercial Aircraft and Engine Shipments 



Backed by particularly favorable first 
quarter sales reports by the industry's 
leaders. Beech. Cessna and Piper, and 
low field inventories again this year, the 
105? dollar volume gains forecast by 
manufacturers appear reasonable, per- 
haps conservative. 

Field inventors’ figures actually have 
manufacturers concerned that retail out- 
lets have grown complacent. This feel- 
ing persists despite the fact that, in 
Cessna's case, the company reports 
orders from the field for the next three 
months exceed those in the same period 
of the past two years. First quarter re- 
tail sales figures indicate a trend bet- 
tering last year. Cessna’s retail sales 
were IS 9? -20 5? over the same period 
last year and they exceed the company’s 
projections by 8%-109f. 

Big emphasis in sales will continue 
to be on the light twins. Growing 
popularity of these larger, more sophis- 
ticated aircraft with their two-engine 
safety factor is largely due to increasing 
availability of lower-cost electronic 
communications and navigation equip- 

Last year. FAA plotted 9.9 million 
cross-country trips by general aviation 
aircraft compared to 7.1 million bv 
scheduled air carriers. In the past five 
vears, general aviation aircraft trips have 
increased by 2.5 million while air car- 
rier levels have remained the same. 
Particularly significant is the fact that 
these trips were recorded from only 
the 250 airports where FAA operates 
control towers. 

General aviation aircraft operate from 
6.000 airports, while the airlines sene 
less than 600. 

Sales of twin-engine business aircraft 
last year totaled 1.007 units, compared 
to 936 the year before, and it can be ex- 
pected that 1962's figure will be ex- 
ceeded markedly this year and next. 
To prepare for more future business in 
this area, the top airframe builders are 
planning additional new models in the 
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lower and higher ends of the present 
price and performance range. 

Cessna last year did more than 20% 
of the total business of the four prime 
manufacturers in this class and is aim- 
ing to capture 50% of the twin business 
in the next few years. Deliveries of 
Cessna's 4-6 place twin-boom, tractor- 
pusher Skvmastcr will begin in May in 
a campaign at the low-priced end of’ the 
twin market aiming to unseat Piper 
from domination of this category, held 
for so long with the Apache. Piper, 
aware of the threat from the Skvmaster, 
plans to counter with a twin-engine ver- 
sion of its Comanche four-seater, a ma- 
jor development project at its Lock 
Haven, Pa., plant scheduled for pro- 
duction this year. 

With 600 domestic retail sales out- 
lets between them, these two light-twin 
protagonists should produce a major im- 
pact on this market, eclipsing previous 
sales marks. Although not all of their 
sales outlets are capable of taking on 


this class of airplane, both companies 
arc planning to expand the number of 
dealers currently capable of handling 

The battle is going to get hotter in 
the higher-priced end of the multi- 
engine scale as Aero Commander. 
Beech and Cessna bring out new air- 
planes. N'ext month Aero Commander 
will start deliveries of its Grand Com- 
mander 11-place twin, with fuselage 
stretched 6 ft. 2 in. and priced at SI 33.- 
500 in the standard version. The new 
Grand Commander competes directly 
with the Beech Queen Air. Beech al- 
ready has an improved version of the 
Queen Air in the works, featuring a 
pressurized fuselage. Deliveries arc to 
begin early next year. Indications arc 
that Beech has expanded its initial 
plans for this airplane and that there 
will be even further changes than 
pressurization— enough to permit the 
airplane to be offered as a completely 
new addition to the Beech sales 


line, emphasized by a new name. 

Beech may also be countering the 
forthcoming Cessna 411 twin, another 
1964 product. Sources close to both 
the new Beech and Cessna projects say 
that they may emerge looking so much 
alike externally that the exterior paint 
scheme designers arc going to be hard 
put to establish product distinction. 

In the course of widening product 
lines and waging the battle of the twins, 
there is a particular product area that 
seems not to have kept pace with model 
improvement. This is the so-called 
heavy single-engine airplane and it is 
here that manufacturers arc working to 
produce an airplane that will boost pres- 
tige of this class. Few will yet tip their 
hands, but it is certain that Mooney. 
Cessna. Piper and Beech have airplanes 
in development to update markedly the 
Mark 20C, 210. Comanche and Bo- 
nanza, respectively. Piper is known to 
be coming out with a 400-hp. version of 
its 250-hp. Comanche this year; Mooney 
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Our man must see 
the forest and the trees 

In the vital business of preparing America’s advanced, 
large-scale defense systems, broad vision is an indispen- 
sable component — the capability of seeing across the 
whole breadth of the problem. At General Electric’s 
Systems Operation, our people must “think big,” while 
keeping in touch with all the important sub-system func- 
tions that can limit or destroy the effectiveness of the 
over-all system. Systems Operation, a highly specialized 
group within General Electric — is charged with conceiving 
and synthesizing surface-based surveillance systems; 
undersea warfare systems; and surface /subsurface to 
aerospace defense systems. 

To perform this charter, we need men with broad-scope 
capability, but with the experience and depth to catch 
system-limiting details before they are designed into the 
system. What do we offer this unusual engineer, physicist 
or mathematician? The usual tangible rewards, of course. 
But in addition, he’ll work in General Electric’s famed 
professional environment in close contact with manage- 
ment that recognizes his potential, and lets him take full 
advantage of it. He’ll find full family benefits — and an 
emphasis on his own self development, through advanced 
Company courses and tuition-paid university study. 

For more information on specific career opportunities at 
Systems Operation, see our ad on the page opposite. Or, 
for immediate personal consideration, write or send your 
resume in confidence to A. A. Conway, Systems Opera- 
tion, T-21 Heavy Military Electronics Dept., General 
Electric Co., Court St., Syracuse, New York. (An Equal 
Opportunity Employer) 177-u 
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is believed to be working on a high- 
performance model of its Mark 20C. 

Major performance breakthrough 
with this class airplane is likely to come 
with availability of lightweight, lower- 
cost pressurization equipment, although 
this step may be preceded by introduc- 
tion of higher-power supercharged en- 
gines. Such equipment is being eagerly 
awaited and it will provide a major mar- 
ket potential for those companies who 
successfully solve technical and eco- 
nomic problems that prevent exploita- 
tion of this next technological step in 
product development. 

In the domestic turbine-powered 
field. Aero Commander has a substan- 
tial lead with its new twin General Elec- 
tric CJ610-powered Jet Commander, 
whose flight test program appears to be 
off to a good start and is progressing 
ahead of schedule. With IS production 

posits^ prior to first flight, the company 
is expecting a build-up in contracts now 
that it has hardware flying. 

Less certain of firm scheduling now 
is the Beech Model 120 twin-turboprop. 
It appears now that this project has 
cooled somewhat in management's eves. 
Beech executive vice president Frank 
Hedrick said that the Model 120 defi- 
nitely has not been cancelled. Reasons 
for the decision to keep the program in 
abeyance for the time being may be that 
Beech would prefer to have U. S. turbo- 
prop powerplants on the Model 120 to 
make the airplane more attractive to 
military as well as civil markets. Now 
the company can mark time on this 
basis without seriously compromising 
the basic airplane. 

Beech is confronted with several 
military contract opportunities that ap- 
pear to have a higher technical and 
management priority than the 120 be- 
cause they promise a more immediate 
and bigger pay-off. Because they are 
areas for business aircraft in particular 
and probably will be hotly competitive, 
Beech feels its time and funds can be 
better devoted to these new programs. 

There are a half-dozen military' re- 
quirements pending for a variety of off- 
the-shelf light aircraft that indicate 
markets for hundreds of airplanes. These 


• Light single-engine airplane for instru- 
ment training by the U.S. Army and 
for the Military Assistance Program 
(MAP). 

• Light-twin airplane for instrument 
training by the U. S. Army. 

• Medium-heavy twin airplane for in- 
strument training for the U.S. Navy. 
USAF also is considering use of this 
class airplane for utility and personnel 
transport duties. 

Military Assistance Program also has 
a need for both a light single-engine 
airplane for primary training, having a 
fully aerobatic capability, and a medium- 
heavy twin for use by U. S. overseas 
missions. 

In addition, there is a requirement 
for a new counter-insurgency (COIN) 
tactical airplane, which the business 
aircraft airframe builders feel has defi- 
nite potential for them. 

Export business continues at high 
dollar volumes, and U. S. business air- 
craft manufacturers delivered 1.462 ex- 
port units last year. Though down from 
1961's export of 1,581 units, last year’s 
dollar volume totaled S31.29i.000 
ahead of the previous year’s S29.530.- 
639. The increase in dollars is due to 
the fact that there was a rise in multi- 
engine equipment. 

Beech. Cessna and Piper arc moving 
to consolidate further their gains abroad 
by building direct company representa- 
tion. particularly in Europe. 

Beech established Beechcraft. A.G., 
in Switzerland. Initially, this operation 
assisted European distributors in pro- 
viding new airplanes for demonstrator 
use. but its primary future function will 
be to expedite sales in dollar-short 
countries by exchanging their currency 
for Swiss francs and in turn exchanging 
these for U. S. dollars. 

Cessna also opened a Swiss branch, 
primarily to be a source of demonstra- 
tors, accessories and parts for its Euro- 
pean dealers. Cessna also concluded 
arrangements with Reims Aviation, of 
which it owns 49%, to begin assembly 
of Cessna 172s in France this spring. 
This initial step will be followed by- 
airframe manufacture. 

Piper opened a distribution center in 
Switzerland that sells wholesale to its 
dealers in Europe and North Africa. 



BEECH QUEEN AIR 80, latest in the Queen Air series, is a 7-9 place airplane having a 
1. 330-mi. range with reserves. 



MATHEMATICIANS 

Our man must 
see the forest 
and the trees 


General Electric’s expanding Systems 
Operation offers career openings for 
experienced systems engineers with 
depth and analytical ability tc 


u .v»~. u .. u it programs, data analyses or 
theoretical studies. Needs broad mili- 
tary-problem oriented experience in 
ground-based systems development or 
analysis work. Systems Analysts needed 
for studies, data analysis and measure- 
ment programs pertinent to decoy dis- 
crimination, radar systems, re-entry 
physics or propagation. 


concurrent tasks. Must provide 
key conceptual ideas for solving com- 
plex problems and provide general direc- 
tion. Other systems analysts are needed 
in this area. All candidates must hold a 
BS in Math or Engineering. MS prefer- 
red. Experience: four to six years m sys- 
tems analysis including one or more 
years of computer applications, simula- 
tion or model specification. 

Sytltmt Development Project Leaders and 
Engineers — Marine and Undersea Development 

— for technical leadership of complex 
USW/ASW projects. Must be experi- 
enced in defining, planning, organizing, 
leading and evaluating development 
projects and conceptual studies. 


8ystems y analysts and engineers, phys- 
icists, data-systems engineers, numer- 
ical analysts. 


WRITE FOR FULL INFORMATION ON CAREER 
OPENINGS AT SYSTEMS OPERATION. For 


your resume in confidence to Mr. A. A. 
Conway, Systems Operation, T-21, 
Heavy Military Electronics Dept., Gen- 
eral Electric Co., Court St., Syracuse, 
N.Y. (An Equal Opportunity Employer) 


GENERAL 


ELECTRIC 


AVIATION WEEK & SPACE TECHNOIOGY, 


11, 1963 




Europe Steps Up Small Jet Competition 


London— Manufacturers of European executive and business aircraft, 
increasingly conscious of the potential world market in small jets, are moving 
ahead with designs but, in most cases, are dependent on government support 
to get the projects off the ground. 

While the philosophy behind the use of executive aircraft is slowly begin- 
ning to make an impact in Britain and on the Continent, the private plane 
is still regarded primarily as an instrument of national prestige and sport. 


-onsequentlv. as aircraft to compete 
with the latest U.S. designs begin to 
roll out in increasing volume, the Euro- 
pean manufacturers are turning to the 
export market with greater urgency, 
establishing dealerships and service 
organizations largely along American 

Prime example is the activity sur- 
rounding the de llavilland Dll-1 25 
executive jet. which holds a long lead 
in that three airplanes are flying in the 
test program, one on development of 
the Bristol Siddeley Viper powcrplant 
alone. 

De I lavilland undertook design of the 
small jet on a company-funded basis, 
and later decided to gamble on pro- 
duction of 10 airplanes. Last Septem- 
ber. the Royal Air Force decided it 
needed the airplane for training and 
transport and ordered 22, thus ensuring 
the company a strong financial line 
against future commitments. 

The company’s goal is to sell at least 
100 DH-125s. mam of them in the 
U.S. where de Haviiland is negotiating 
for dealerships. Prime customer could 
be Pan American World Airways, which 
is interested in 40 airplanes for lease 
with crews to companies cither in the 
U.S, or abroad. Long negotiations 
with Beech Aircraft apparently have 
bogged down and arc not likely to be 
resumed. 

De llavilland. with other European 


manufacturers, hopes to take over a 
significant share of America's export 
market. U. S. firms last vear exported 
2.500 aircraft abroad, against 2.600 the 
year before, at a value of S29 million. 

As another factor. European manu- 
facturers look upon the recent 20 r f 
reduction in U. S. tariffs on aircraft to 
a new 1 1 % ad valorem low as a poten- 
tial boom to export sales to the U.S. 
Convcrsclv. import taxes in the Com- 
mon Market area mav slow U.S. air- 
craft sales there. 

Proposed Common Market tariffs 
scheduled to become effective Jan. 1. 
1967. include a 15% tax on medium 
size aircraft. 149? on larger models, 
and 1ST? on all gliders. Imported avi- 
onic equipment also would be subject 
to an IS"? tariff. 

Factors hampering the growth of 
business flying in Europe include, apart 
from the cost of today's high perform- 
ance aircraft, government resistance to 
promoting the use of aircraft— unless 
kept to airline standards— largely due to 
congestion of traffic lanes. 

Britain has the most serious problem 
in this area. Neil Marten. Parliamentary 
Secretary to the Minister of Aviation, 
said the heyday of private flying in Brit- 
ain is over, because of the vast growth 
of airline traffic. 

The move in Britain toward increased 
use of business aircraft has been a re- 


laxing of rules at London (Heathrow) 
Airport, to allow business aircraft land- 
ing privileges, but only if the airplane 

cations equipment. This mlcs out all 
but the most lavishly equipped planes. 

Thus. London docs not have an air- 
port which could compare even re- 
motely with Teterborn. N. J.. despite 
efforts of business flying enthusiasts to 
interest the government in such a fa- 
cility. Closest thing to it is Kidlington 
Airport, near Oxford, where the newest 
company is British Executive Air Sen- 
ices. an associate of Beagle which will 
build the Brautly B-2 helicopter in the 
UK under license. The airport itself is 
leased and operated by Pressed Steel 
Co.. Ltd., parent firm of Beagle. 

Future of Beagle-builders of the 
Beagle 206 Twin, the Airedale and Ter- 
rier single engine planes, and the Miles 
21 S plastic twin— appears to hinge a 
great deal on a possible RAF order for 
the 206. RAF requirement exists to 
replace the Avro Anson, in service for 
28 years. 

In the two years since Beagle first 
produced the 206. only two have been 
sold, both to the Ministry of Aviation 
for service evaluation. Beagle last year 
planned to build 60 Airedales and com- 
pleted about 20, of which 12 have 
either been sold or fed into the dealer 
pipeline abroad. This includes West 
Gennany. Switzerland. Scandinavia. 
Australia and Pakistan. At present, com- 
pany is concentrating on a weight re- 
duction program. 

The best seller in the Beagle line 
probably will be the Miles 218. which 
makes extensive use of plastic structure. 
One 218 is flying in a certification pro- 
gram and another should be rolled out 
before the Paris Air Show June 7-16. 
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Beagle also is considering develop- 
ment of the Martlet, a small aerobatic 
plane powered by a 1 00 hp. engine and 
featuring a retractable landing gear. 

Another airplane with a potentially 
good international sale is the Short 
Skyvan, a rugged small transport built 
by Short Bros. & Harland in Belfast. 
The airplane now is flying its initial 
tests and considerable interest has been 
shown by operators who must work out 
of rough country. First airplane is 
powered by Continental engines, but 
later aircraft will be powered by the 
Turbomeca Astazou turboprop engine. 

As an example of utilization of busi- 
ness and private aircraft in Britain, the 
Air Registration Board lists 504 certi- 
fied for this use, and another 364 for 
club and training flying, many of these 
of foreign make. 

Czechoslovakia is trying to expand 
sale of its lightplane line to the West 
and may offer major competition to 
European manufacturers. Omnipol. 
the state export organization, is quietly 
exploring the possibilities of expanding 
dealerships in the West to push sales 
of its Morava 200D Twin and Trener 
Master trainer. 

Czechoslovakia also has developed a 
light two-seat jet trainer, designated the 
LI 29. but there are no immediate plans 
to enter the private jet field. 

West Germany’s Hamburger Flug- 
zeugbau is investing company funds to 
develop and produce three prototypes of 
its 6-10 place HFB.320 model, but it 
hopes for a substantial government con- 
tract to nullify these losses and assure 
an over-all profit for the project. 

Negotiations with the West Gennan 
air force, which would use the aircraft 
primarily as a navigation trainer and 
transport, are now under way. although 
no order has yet been signed. 

Distinguished primarily by a 15-deg. 
forward wing sweep and’ a high T-tail. 
the HFB.320 will be powered by two 
aft-mounted General Electric CJ610-1 
turbojets of 2.S50 lb. thrust each. 
Maximum design cruise speed is 4S1 
mph. Range with fuel reserves has been 
placed at 1.315 mi. 

Thus far, Hamburger has held to its 
schedule for prototype production, and 
first flight is still planned for December. 

Firm commercial price probably 
won't be set until government nego- 
tiations are concluded. It is expected, 
however, to run between S620.000 and 
5750,000, depending on the instrumen- 
tation and interior requirements. 

France’s Dassault, which probablv 
will be the first European firm to roll 
out a twin-jet executive in the multi- 
passenger field, also foresees sufficient 
government orders to permit a commer- 
cial sales price below that of the prime 
competitors facing its 8-12 place Mvs- 
tere 20. 

The French air force, however, is 
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withholding decision on quantity until 
after initial flight tests have confirmed 
the aircraft’s performance parameters. 
Wings and tail unit for the first proto- 
type were recently delivered bv Sud 
Aviation to Dassault's Bordeaux facility 
for mating with the airframe. First 
flight is scheduled for May. with the air- 
craft to appear in the static and flight 
displays almost immediately afterward 
at the French air show. 

Powered by two Pratt & Whitney 
JT12A-8 turbojets of 3.300 lb. thrust 
each, the aircraft has a maximum de- 
sign cruise speed of 513 mph. and a 
maximum range with auxiliarv wingtip 
tanks of 1,550 mi. 

In Italy. Piaggio also has been striv- 
ing to get the first prototype of its PD- 
808 Vespajct— developed with Douglas 
Aircraft— in flying condition for the 
Paris air show. Work, however, has 
been hampered since last fall by strikes 
at Piaggio and supplier plants. First 
flight date is described as “indefinite." 

Components for a second prototype 
also are being fabricated, and both mod- 
els will be equipped with two Bristol 
Siddeley Viper 525 powerplants of 
3.000 lb. thrust each, although aircraft 
sold in the U. S by Douglas will be 
powered by the General Electric CJ- 
610-1 engine. Maximum cruise speed 
for the 6-10 place PD-808 is given as 
522 mph., and maximum range without 


fuel reserves is reported as 1.540 mi. 

Piaggio. which hopes for government 
orders but plans to go into production 
with or without them, has not vet set 
a price on the aircraft. It is working 
with Douglas to establish a single world- 
wide price scale. 

Still another twin-jet executive air- 
craft. the Aermacchi MB. 330, is on the 
design boards. Macchi is negotiating 
with the Italian air force for a contract 
and says it can go into production if it 
receives a government order for a mini- 
mum of five aircraft. 

Macchi says it can have a prototype 
flying within a year of the date a gn- 
aiicad is received, since a large number 
of components for the six-place MB. 330 
would be taken from the already proven 
MB.326 jet trainer. Customer deliver- 
ies. it says, could begin in 20 months. 

Estimated commercial sales price 
with standard instrumentation, but 
without navigation radar, would be 
S320.000. The MB. 330 would be pow- 
ered by two 2,632 lb. thrust versions of 
the Turbomeca Aubisquc. Design maxi- 
mum cruise speed is 435 mph. Maxi- 
mum range with reserves is 1.234 mi. 

If the aircraft does go into produc- 
tion. Macchi in its export efforts will 
rely heavily upon experience now being 
gained with the Aermacchi-Lockhccd 60 
utility aircraft. Sales and servicing or- 
ganizations for the plane already have 


been established in Africa, with Lock- 
heed handling the U. S., and Macchi 
looking for a South American outlet. 

Approximately 100 orders for the air- 
craft have been received, about 50% 
from Africa, a continent which the 
European industry regards as a poten- 
tially rich market. Five orders have 
come from South America, and Macchi 
hopes to boost this substantially once a 
dealership organization is established. 

Present production rate for the air- 
craft is five to six units a month. 

Switzerland’s Pilatus Flugzeugwerkc 
also is doing well in the utility aircraft 
export field. Piston-engine versions of 
its Pilatus Porter have been sold in 
North and South America, Africa. 
Asia and the Far East. Turboprop 
version powered by a 562 shp. Turbo- 
meca Astazou has been ordered by firms 
in Alaska. France and Italy. 

In the smaller executive jet field, 
Sweden's Svcnska Acroplan appears to 
hold a lead among the newer model en- 
tries with its SAAB 105. The aircraft 
was designed essentially as a two-place 
trainer, and SAAB has assurances that 
the Swedish air force will order a mini- 
mum of 1 30 if it meets its specifications. 

It also is being offered as a four-place 
executive aircraft, and quantity govern- 
ment orders could permit a severely 
competitive commercial sales price. 
Present sales price is SI 20.000. 

Two prototypes are now under con- 
struction on production tooling, with 
a first flight date set for early July. The 
aircraft has two Turbomeca Aubisquc 
engines of 1,540 lb. thrust each. 

Establishments Henry Potcz of 
France also plans to continue develop- 
ment of the six-place Mk.3 version of 
the Paris series of executive jets begun 
by Moranc-Saulnier in 1954. 

Potez acquired rights to the Paris 
early this year when it took over 
Moranc-Saulnier, which went into bank- 
ruptcy despite some success of the four- 
place Paris-1 and 2 and the unquali- 
fied success of the Rallve and Super 
Rallyc sports aircraft in both domestic 
and export markets. 

Potez also will continue the Rallyc 
production lines and market the two 
planes under the Moranc-Saulnier name. 
Future of the Potez-Heinkcl CM-191 
four-place jet still appears to hinge on 
government orders both in West Ger- 
many and in France, although develop- 
ment test flying is now well advanced. 

In the turboprop field, Potez 8-14 
place Potez 840 executive aircraft and 
potential feederliner remains Europe’s 
strongest contender. Second prototype 
of the Potez 840, powered by four 530 
shp. Turbomeca Astazou-2 engines, has 
been in North America on a sales tour 
since September, with a projected U. S. 
sales price of 5500,000. Third proto- 
type will be rolled out soon. 
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British Hawker P.1127 VTOL fighter prototype churns standing 
water on runway to spray as it demonstrates vertical lift capability 
of its vectored-thrust Bristol Siddeley Pegasus turbojet engine. 
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AVRO BLUE STEEL 


British Seek to Hold Technological Base 


By Herbert J. Coleman 

London— Britain's aviation industry, fighting to retain its broad base of 
technology in the face of tougher competition from abroad, is pressing the 
government for more financial encouragement in new aircraft and weapon 
design while simultaneously extending itself farther into cooperative European 
and U.S. efforts. 

Despite the promising future of Britain's development of a vertical takeoff 
and landing aircraft, and its decision to go ahead with France in the Concorde 
supersonic transport project, the industry today is faced with manpower cut- 


backs due to project cancellations and 

Abrupt change in British defense 
posture, when the U. S. decided to 
drop the Skybolt air-to-surface missile 
with little warning to its allies, did not 
help in clearing tne air for the aviation 
industry here. Instead, the Royal 
Navy's role will grow when Britain's 
Polaris submarines go into service, and 
the Royal Air Force for the first time 
will play a secondary, support role. 

Production is still under way for the 
Mk.2 versions of the V-bombcr force, 
earrving the Blue Steel standoff bomb, 
which has a 200-mi. range. A follow- 
on Blue Steel, with an 800-mi. range, 
appears to have been dropped in favor 
of a cheaper weapon that also can be 
used on the TSR.2 tactical strike re- 
connaissance airplane, due to fly next 
December or January. 

Some sources say that the TSR.2 
was designed without much emphasis 
on weapons because of the program 
for extending the life of the V-bombcr 
force with Skybolt. As a result, they 
say, drastic reappraisal is now under 


lack of new designs. 

The Polaris program, based on five 
or six submarines, will cost S840 mil- 
lion, of which two thirds will be spent 
in Britain. The submarine will use the 
U. S. launch tube and fire control sys- 
tem, with Polaris A3 as the weapon. 
Hull design will be based on tech- 
nology now well adv anced in construc- 
tion of the British Valiant nuclear 
submarine. Target date for operational 
service is 1968-69. 

Since Polaris A5 missiles will be 
bought directly from the U. S., the mis- 
sile sections of the British aviation in- 
dustry will not share in this develop- 

Immediate effect of cutbacks, aside 
from the contraction of the industry's 
work force, is the loss of design teams. 
One of every six scientists is reported 
leaving Britain for a job overseas, pri- 
marily to gain better pay and wider lati- 
tude in research and development facili- 

Employment in the industry-includ- 
ing electronics and engines— at the end 


of 1962 totaled 288,400. This was 15,- 
800 fewer than the preceding year. 

With the exception of Short Bros. 
& Harland and Whitworth Gloster. the 
industry has work in hand to keep these 
people occupied. But the prevailing 
feeling within the industry is one of un- 
certainty for the future, beyond 1965. 

A case in point is A. V. Roe, Ltd- 
builder of the Vulcan V-boinber, Avro 
748 turboprop transport and the Blue 
Steel standoff bomb. The Weapons 
Division employs 2.000 men who will 
not be required in 1965 after comple- 
tion of the Blue Steel contract. An- 
other 6,000 work on the Vulcan pro- 
duction line, but some of these can be 
transferred to the Avro 748 military 
version, of which 40 are ordered. 

The long-term answer for A. V. Roc 
seems to be getting a contract to replace 
the Shacklcton maritime reconnaissance 
aircraft, now being modified to extend 
its life. Decision on a jet replacement, 
for which Avro has a design in competi- 
tion with British Aircraft Corp., will be 
delayed, however, for at least a year. 

Even the awarding of a new design 
contract may not be of immediate help. 
Whitworth Gloster, for example, is the 
leading contender for OR-351, a jet- 
powered V/STOL replacement for 
Beverley and Hastings transports. But 
company officials say that even if the 
contract is awarded now, it will have 
no effect on the planned layoff of 3,000 
employes in July because of approaching 
phaseout of the Argosy turboprop trans- 
port line. 

On the other hand. Minister of Avia- 
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tion Julian Amery believes industry 
forecasts of its future are overly pcssi- 

Employmcnt lias dropped, Amery 
concedes, but is still higher than it was 
three years ago. 

He told Aviation Week & Space 
Technology that government spending 
will remain high and that he was con- 
fident that future prospects of the in- 
dustry will be good. He added: "The 
last Famborough show was a great tonic 
to us." 

Amery answered criticism by under- 
lining Britain’s advances in VTOL, as 
epitomized by the Hawker P.1127, and 
powerplant work by Bristol Siddeley en- 
gines and Rolls-Royce. While the out- 
look in guided missiles is less promising, 
Amery stressed the importance of the 
Franco-British agreement to build the 
Concorde jointly. Britain— despite its 
Common Market setback— will continue 
to work closely with European govern- 
ments and industries, he said. 

Amery- also is intensely interested, 
like his predecessor, Peter Thomcycroft, 
now Minister of Defense, in pushing 
Britain into the space field. 

Work in this area is almost com- 
pletely confined to the government's 


own research establishments, primarily 
at the Royal Aircraft Establishment at 
Famborough. Concentration now is on 
design of a communications satellite 
that could be launched by the dc 
Havilland Blue Streak, using a Saund- 
crs-Roe Black Knight as a second stage. 
Another project, with a lower priority, 
is design of an orbital space plane using 
conventional engines for takeoff and a 
Bristol Siddeley ramjet in orbit. 

Britain is still putting money into 
the Blue Streak program as part of 
its commitment to the European 
Launcher Development Organization 
(ELDO) which, in a large part, was a 
Thomcycroft concept. 

Possibility of the Ministry of Avia- 
tion being absorbed into a "Pentagon- 
style” defense establishment is under 
study by a committee headed by Lord 
Ismav, but its report has not yet been 
made. There is considerable govern- 
ment and political pressure toward 
streamlining the various ministries, 
downgrading the Imperial General Staff 
in favor of stronger service secretaries. 

Another area of agitation for change 
is the government levy on sales of any 
design in which the government has 
given financial aid. 


Last year, for instance, the gov- 
ernment advanced about Sl-t million 
for the Vickers VC.10 and de Havil- 
land Trident development program. In 
return, the government shares any 
profits from future sales under a com- 
plex formula that is weighted three to 
one in favor of the manufacturer on 
the earlier sales until the estimated 
amount of its investment has been re- 
covered. Then it shifts to three to one 
in favor of the Ministry until its in- 
vestment has been recovered in full, 
and then in proportionate shares until 
the Ministry has received 125% of its 
original investment. 

Industry has long attacked the levy 
as unrealistic and damaging in the face 
of ever-increasing foreign competition, 
itself often actively subsidized. The 
government stand is simply that it dc- 

Tliis levy policy also will prevail, 
Amery said, in the "case of the S28 mil- 
lion the government recently advanced 
to Short Bros, to complete its contract 
for the Belfast turboprop freighter and 
the Seacat missile. Amery docs not con- 
sider the aid to Short Bros, as a sub- 

Other government grants, Amery 
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said, have been made for British blind 

landing developments, the Hawker 

P.U54 supersonic VTOL program, 
now in the design study stage, and to 
Rolls-Royce for development of an ad- 
vanced Spey engine. Amery left it un- 
said. but the P.1154 support implies 
Bristol Siddeley will get considerable 
government support in developing the 
BS.100 vectored thrust engine for the 
airplane. The situation currently is ob- 
scure because Rolls-Royce submitted a 
proposal to re-engine the P.1154 with 
vectored thrust Spevs. 

Since the BS.100 is a larger version 
of the proven Pegasus and was the 
powerplant around which Sir Sidney 
Camm of Hawker Aviation designed 
the P.1154, chances are the nod will 
go to it. Certain segments of the in- 
dustry are still resentful that Bristol 
Siddelcv was forced to take U. S. 
mutual aid funds to develop the Pega- 
sus on a 75-25 basis, thus giving the 
U. S. a primary claim to the engine 
technology. 

Currently, according to Sir Arnold 
Hall, former managing director of 
Bristol Siddeley who became managing 
director of the Hawker Siddeley Group 
earlier this month, the BS.100 plenum 
chamber burning feature alone is being 
supported by Mutual Aid Funds. Build- 
ing of a prototype engine will depend 
on government aid, he added, since 
Bristol Siddeley feels it cannot handle 
a program of this magnitude on a pri- 

In discusing company research. Sir 
Arnold said that he is not convinced 
that technological fallout necessarily 
comes from huge government invest- 
ments. A company, lie continued, must 
continue to devote part of its resources 
toward this end. or accept the fact that 
its research will be directed by the gov- 
ernment or one of its agencies. 

He favors joint participation by gov- 
ernment and industry, explaining that 
this is one reason for Britain’s engine 
progress in the supersonic transport 
field. The Olympus 593 supersonic 
transport engine is also the engine for 
the TSR.2 strike reconnaissance fighter. 

In an era when Britain’s aviation in- 
dustry is group-conscious. Sir Arnold 
savs he doubts that the country eventu- 
ally will have a single engine company, 
formed by a merger between Bristol 
Siddeley and Rolls-Royce. The engine 
business now is split between military 
and civil turbojets, with Rolls con- 
centrating mostly on the latter. 

The engine picture, while not so 
bright at Rolls-Royce, shows signs of 
improving, Sir Denning Pearson, chief 
executive, said. Rolls has put 16,000 of 
its Aero Engine Division workers on a 
shorter work week, in some cases a cut 
of up to 8 hr. However, the plan was 
to avoid laying off men and is a tempo- 
rary measure until production builds up 


later this year to meet existing orders. 

The orders mostly involve produc- 
tion of the Spev and the Conway 42. 
Spevs will go into the Trident three- 
jet transport, and the Blackburn Buc- 
caneer Mk.2 naval strike fighter, and 
the Conwavs are cannarked for the 
Vickers VC.10 series. In addition, the 
Tyne and Dart turboprops are still in 
production, with the former getting a 
boost from the Brcguet Atlantic mari- 
time reconnaissance plane orders. The 
Dart will go into the Japanese YS-11 
turboprop transport. 

Rolls decided to enter the vectored 
thrust field using the Spey because the 
engine was considered proven and was 
adaptable to the system. The new ver- 
sion makes it simpler for Rolls to com- 
pete in Europe, since it now has a 
license agreement with Maann, the 
West Gennan engine company. 

Rolls has just about abandoned its 
efforts in the supersonic transport field, 
although an engine for this purpose has 
been designed. All government support 
in this area is going to the Bristol Sid- 
deley Olympus and any U. S. supersonic 
transport would be powered bv a U. S. 
engine. 

In the pure lift field. Rolls has a 
heavy stake with its RB.108, the power- 
plant now in use for flight testing the 
Dassault Balzac prototype of the Mirage 
3V. The latter will "use the RB.162. 
Sir Denning has hopes for success of the 
Rolls-Contincntal engine line for busi- 
ness aircraft. Largest order so far has 
been for the Morane-Saulnier Rallve 

Roils has a considerable investment 
in the marine nuclear powerplant field, 
and Sir Denning said the British Polaris 
agreement should have considerable ef- 


• BRITAIN 

feet on this area, primarily in the pro- 
duction of cores. 

At British Aircraft Corp.-Vickcrs- 
Armstrongs. English Electric Aviation. 
Bristol Aircraft and Hunting Aircraft, 
emphasis ranges from the Vickers 
VC.10 and Super VC.l 04-engine trans- 
port family to the de Havilland DII-125 
executive jet and the TSR.2 strike-re- 

Thc latter airplane probably will be 
put into extensive production, since the 
trend is toward an all-purpose airplane 
for the Royal Air Force when the V- 
bomber force is retired. Originally, the 
TSR.2 was designed for low level mis- 
sions, but the specifications now call 
for high altitude capability also. Be- 
cause of the ensuing redesign, the pro- 
gram has slipped at least six months. 
First flight is set for December or Janu- 
ary. Crash program is under way to de- 
sign a new low level weapon for the 
TSR.2, incorporating a nuclear warhead, 
probably a comparatively short range 
air-launched missile boosted by a small 
jet engine. There also is speculation 
that the TSR.2 will carry a free-fall 
bomb which could be launched by a 
LABS maneuver. 

Other BAC missile work centers on 
advanced versions of the Bloodhound 
and Thunderbird surface-to-air missiles, 
and a follow-on-missile to replace the de 
Havilland Red Top heat-seeking air-to- 
air missile. The Vickers Vigilant is in 
producion for the British Army and has 
been ordered bv Kuwait and Finland. 
For overseas sales, it is fitted with a 
Swiss hollow-charge warhead. Another 
BAC missile is the Fairey Swingfirc, 
which so far has been test fired with 
hand-made hardware only. 

The short haul BAC 111 twin-jet 
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transport, now has 35 orders and is 
showing strong potential in the world 
air line market. The VC.10 is on 
order by the RAF Transport Com- 
mand, but the airplane is not expected 
to approach the sale of the Boeing 707 
family of subsonic jets. 

BAC is running two flight research 
programs, the Bristol T.188 stainless 
steel Mach 2-3 testbed, and the Hunting 
H-126 jet flap aircraft. The second 
T.188 will have higher powered de 
Havilland Gvron Jr. afterburning en- 
gines for research into higher supersonic 
speeds. Variable geometry configura- 
tions are tinder investigation by Dr. 
Barnes Wallis of Vickers-Armstrongs, 
but this is confined to a Ministry of 
Aviation study contract. 

Hawker Siddelev Aviation’s major 
problem is large-scale layoffs at Gloster 
Whitworth, according to J. T. Lidbury, 
the group's chief executive, and sales 
efforts will continue to be stressed on 
the Argosy turboprop transport. 

Ten of the transports are being built 
on speculation. 

Formation of a strong confederation 
with companies in France, Italy, Hol- 
land, West Germany and Belgium has 
been carried out by Hawker Siddelev, 
primarily with large-scale production of 
the Hawker P.l 1 54 in mind should the 
airplane be selected for NATO forces. 
A recent agreement with Northrop in 
the U. S. is aimed at production for 
the U. S. Armv if a contract is awarded 
for cither the Hawker P.1127 or the 
P.1154 successor. 

Lidbury blames the slow start of the 
Trident, which has 27 orders, on the 
fact that the airplane was built to 
British European Airways specifications, 
rather than for the world market. But 
he said that the Trident IE and IF ver- 
sions will be tailored for other airlines. 


British R&D Funding 

London-Substantial British govern- 
ment funding is going into aerospace re- 
search and development work by British 
companies, not including the money 
spent on various Royal Aircraft Estab- 
lishments responsible for airframe, elec- 
tronics and engine programs. 

Industry R&D expenditures in 1962- 
63 totaled S593.4 million, against S73 
million spent with the establishments. 
The government also is committed to 
provide $18 million for the European 
Launcher Development Organization 
(ELDO) but the nionev has not vet been 
spent since the seven-nation convention 

ing SI. 7 million with the industry* and 
another $20 million with the Australian 
government oil joint development of 
guided missiles and equipment. 
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In the missile department. Hawker 
Siddcley is developing the CF.299 ship- 
borne missile under a development con- 
tract with tire Royal Navy. The weapon 
will be available for export. Modifica- 
tion program for the Hawker Hunter to 
qualify the airplane as a low level strike 
fighter is quite large, to the point where 
the company is even buying back 
Hunters from Belgium for modification 
and resale. 

The company is currently building 
the Mk.2 version of the Blackburn Buc- 
caneer naval strike fighter, repowered 
with two Rolls-Royce Spey engines, and 
a Mk.3 version is expected to follow. 
The Royal Navy is buying the Martin 
Bullpup air-to-surfacc missile for the 
Buccaneer. 

At Belfast, Short Bros, still has only 
10 orders for the Belfast turboprop 
freighter, and the recent Defense White 
Paper made no provisions for more. 

Considerable RAF VC. 10 work, such 
as building the loading doors, will go 
to the company. However, Short Bros, 
which virtually' pioneered in the British 
VTOL effort with its SC.l, has been 
almost ignored in advancing the state 
of the art, according to Hugh Conway, 
joint managing director. One SC.l is 
being used for instrumentation develop- 
ment at RAF-Boscombe Down and 
RAE-Bedford, and the other is being 
used in work on the VTOL blind land- 
ing system at Belfast. Both programs 
are relatively low on the government 
funding scale. 

As far as missiles are concerned, Con- 
way considers the Short Seacat a suc- 
cess. in view of its foreign sales. The 
Tigercat version for land forces is well- 
advanced, with present work concentrat- 
ing on the radar section. 

Conway said the company will con- 
tinue to push its jet Belfast version and 
is studying the possibility of building 
the airplane with an existing wing, such 
as that used on the Lockheed C-141. 

British companies outside the groups 
are Handley Page and Westland Air- 
craft. Tlie former has work for the 
next three years on the V-bomber pro- 
gram with the Victor and currently is 
designing a jet version of the Handley 
Page Herald transport, along with an 
executive version of the turboprop 
Herald. 

All of Westland's work is on con- 
struction of military helicopters for the 
three sendees, involving in most cases 
licensed Sikorsky designs. There are no 
plans to build a civil helicopter, though 
a license agreement will be retained to 
build the Vertol line if any sales arc 
made in the United Kingdom. The 
company plans to send its Westland 
SRN.2 Hovercraft to Canada this sum- 
mer for a series of demonstration trials. 
Construction is well advanced on the 
larger SRN.3 passenger version. 
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FRENCH TESTBED for a VI OL strike fighter is the Dassault Balzac, a modification of the Mirage 3. Louvers are open as air intakes for 
Rolls-Royce RB.108 lift engines. 


French Reach for Technology in Nuclear, 


activities. 

On the military side, the French dur- 
ing 1962 committed themselves deeply 
to independent development of an air- 
borne and seaborne nuclear strike force. 
Initial airborne elements of this force 
will become operational late this year. 
France, by rejecting nuclear depend- 

definitely committed to running the 
risks— and reaping the possible technical 
benefits— of being an independent nu- 
clear power. 

In addition to these two major civil 
and military goals, the French aerospace 
industry still continues to develop and 
sell a wide range of civil jet and turbo- 
prop transports, supersonic military 
fighters, civ'll and military helicopters, 
and specialized missiles. During 1962, 
France even began adopting U. S. mass 
production techniques in the hghtplanc 
field with the Morane Saulnier Rallye. 

French officials are aware that their 
heady aerospace ambitions involve con- 
siderable risk. A technical or marketing 
failure in the supersonic transport proj- 
ect, for example, would affect about a 


third of the industry. Mounting, unex- 
pected costs in the nuclear strike force 
development are cutting into other seg- 
ments of the defense budget. End of 
the Algerian war during 1962 helped 
ease defense cost pressures some, but 

Moreover, government and industry 
officials arc worried about the indus- 
try's export future, at least through 
the middle 1960s. Preliminary figures 
show foreign orders placed during 1962 
dropped sharply to S295 million from 
the record high of S380 million during 
1961. Main cause is a fall in Caravelle 
sales, though other areas declined as 
well. This downtrend is expected to 
continue through 1965. 

By then, export business is expected 
to bounce back as the supersonic trans- 
port finds buyers and as several promis- 
ing French aircraft, currently at the 
prototype stage, go on the market. 

Industry's problem at the moment is 
to develop intermediate business, either 
civil or military, to keep its 85,000 
workers busy. This may prove difficult 


and some are predicting the airframe 
companies, whose workers make up 
56% of the industry, may have to lay 
off 10% of their work force by year end. 

Part of this industrial shake-out is 
unavoidable. Electronics, chemicals and 
shipbuilding arc beginning to take more 
und more French defense money to 
finance the country's nuclear strike 
power. Yet most observers, while not 
ignoring recent warnings, think indus- 
try will adjust to its changing situation. 
In France, airframe companies arc rela- 
tively stable since they traditionally 
share production. A company can lose 
a contract but still take part in the 
production of its competitor's aircraft. 

Finally, while France's aerospace in- 
dustry has put the nation in a com- 
manding position in Western Europe, 
in size it is about one-third that of 
Great Britain's, which employs 288,400. 
France’s 85,000 employment level can't 
decrease much as long as the govern- 
ment maintains its ambitious aerospace 
projects in the civil and military fields. 

France’s drive toward an independ- 
ent nuclear capability is channeled into 
two major, interrelated developments, 
both of which recognize the basic need 
to possess technology: 

• Dassault Mirage 4A supersonic 
bomber fleet of 50 aircraft. Though 
not impressive in number, this force dc 
frappe is programmed to provide a de- 
terrent capable of destroying up to five 
Russian cities, a high enough price to 
dissuade Russian leaders from attempt- 
ing to conquer France, the French hope. 

• Submarine launched ballistic missile. 
Projected availability of this weapon 


By Robert E. Farrell 

Paris— France during 1962 committed its aerospace industry to a series of 
highly ambitious civil and military goals which, if achieved, will make France 
the top air power in Western Europe. 

On the civil side, the outstanding event of the year was the signing last 
November of a Franco-British agreement under which the two nations jointly 
will build a supersonic transport, informally called the Concorde. The 
French, a year earlier, had decided independently to push ahead with a Mach 
2.2 transport. But the deal with the British government cuts down the finan- 
cial risk and yet keeps the French industry' involved in modern jet transport 
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Mach 2 Transport Programs 


system late in the decade is the reason 
for holding the Mirage 4 fleet to 50 air- 

Powered by two Snccma Afar K tur- 
bojets with afterburning, the Mirage 
4A can exceed Mach 2. Cost of the 
50 aircraft is estimated at $200 million 
and the French expect the entire force 
to be fully operational by 1965. Four 
pre-production aircraft were flying, until 
the first prototype was lost in a crash 

Certain French air force supporters 
doubt the late-1960s missile timetable, 
and are urging expansion of the Mirage 
program. This schedule calls for: 

• 1965-67: Mirage 4A armed with a 
free-falling 60-kiloton bomb to carry 
out missions at altitudes beyond the 
range of known Soviet and U. S. 
ground-air missiles. Range and state-of- 
alert during periods of international ten- 
sion will be improved by French acqui- 
sition of 12 Boeing KC-135 jet tankers, 
initial deliveries of which are slated to 
begin late this year. U. S. Defense De- 
partment, though opposing an inde- 
pendent French nuclear force, approved 
the sale which fills an essential require- 
ment for an effective nuclear strike 

• 1967-69: Mirage 4A armed with an 
air-to-ground missile designated AS-2. 
Again, the Mirage would ran to the tar- 
get region at high altitude, releasing the 
AS-2 from a stand-off position of 300 
mi. Probably powered bv a solid-fueled 
rocket engine, the AS-2 would reach 
Mach 5 at the end of its engine bum- 

• 1970-72: Mirage 4-106, unofficially 


called Minerva, and also anned with 
the AS-2. The 50,000 lb. Mirage 4A 
would be scaled up to roughly twice 
that weight and equipped with two 
Pratt & Whitney JTF10 turbofan en- 
gines. Snecma is developing an after- 
burner to increase the U. S. engine's 
takeoff thrust from 10,000 lb. to 18,000 
lb. 

Development of the final stage is 
based on the premise that by the early 
1970s ground-to-air missiles probably 
will have been developed to point where 
even supersonic high altitude aircraft 
missions will be ruled out. By equipping 
the Mirage 4 with more powerful en- 
gines, as well as using steel and tita- 
nium in its construction, the resulting 
Minerva combination will make low 
level penetrations at Mach 1 .6 and the 
AS-2— armed with a thermonuclear war- 
head-will be fired at the target from 
stand-off position. 

This program hasn’t yet been ap- 
proved bv French Defense Ministry 
which so far does not accept the doubts 
of those who say the development by 
France of a Polaris-type weapon system 
will take longer than is presently be- 

France isn’t basing its aircraft nuclear 
strike capability' only on the Mirage 
bomber. Dassault's Mirage 3 French 
air force fighter, initial squadrons of 
which arc now fully-operational, and the 
Dassault Etcndard 4M shipboard 
fighter, arc being equipped for nuclear 
missions. Of several hundred Mirage 3s 
ordered, probably about 150 are ear- 
marked for nuclear missions. Forty of 
the French navy’s 90 Etendard fighters, 


cuncntly being delivered, will have simi- 
lar capability. 

Even Dassault's Mirage 3 VTOL ver- 
sion will have nuclear capability. The 
Mirage 3V. whose first flight is planned 
this year, will be conventionally pow- 
ered by a Snccma-modificd JTF10 tur- 
bofan engine. VTOL power will be 
eight Rolls-Royce RB.162 lift-jets. A 
smaller prototype version of the Mirage 
3, called the Balzac, flew in 1962 and 
completed initial hovering and low- 
speed maneuvering tests successfully. 
French hope to get German orders as 
well as their own for the Mirage 3V. 

Initial funds are in the military 
budget this vear for the first nuclear, 
missile-firing Submarine, which is sched- 
uled to be launched in 1968. The 
French hope to have three such sub- 
marines by 1972 and claim to be en- 
couraged by their ballistic missile tests. 

In addition to strategic missile work, 
the French continue to develop their 
air-to-air Matra 530 missile under a new 
designation of 540. The Matra 530, 
which equips the Mirage 3 fighter, is de- 
scribed by French officials as the only 
missile of its type in the Western world 
that has been fired from aircraft flying 
at speeds above Mach 2. 

Nord Aviation’s ground-to-air missile, 
the AS-30, is now in full production, 
and so is the company’s CT-41 Mach 2 
target missile. Nord Aviation says it 
has now produced about 100,000 pro- 
duction-line missiles, mostly the wire- 
guided SS-10, SS-11, SS-12 and Entac 
tactical misssiles. 

Space efforts remain fairly modest, al- 
though still the most ambitious in Eu- 
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SUO AVIATION has begun flight testing of a triple-turbine heavy helicopter, the Super Frclon. 


rope. France’s 1963 budget contains 
S900 million for research and develop- 
ment, of which only S32 million is allo- 
cated for space research. This figure 
compares with SI 7 million spent on 
space research in 1962. Of the S32 mil- 
lion. about SI 3 million will be used to 
finance French participation in Euro- 
pean-wide space projects and SI 2 mil- 
lion for French and NASA programs. 
Development of the French Diamant 
booster, which is scheduled to orbit the 
first French satellite in 1965, has been 
allocated S4.2 million. 

The Diamant program is being 
watched closely for it will indicate 
whether the French can meet their 
Polaris-type missile development sched- 
ule. If France does launch its civil 
Diamant satellite by 1965, there is a 
good chance it will do as well in its late- 
1960s mihtarv missile schedule. 

Diamant will be a three stage booster, 
and the first stage— called Topazc— 
was successfully tested in December. 
The other two stages— called Emeraude 
and Saphir— will be tested this year. 
Diamant will weigh 37,500 lb. and 
will put a 175 lb. payload into orbit 
with a perigee of 185 mi. First launch- 
ing in 1965 will be made from the new 
civil space launching center to be 
built in southwestern France on the 
Mediterranean coast. 

Biggest French civil aviation effort, 
the Anglo-French supersonic transport, 
stems from a medium-range supersonic 
transport project— the Super Caravelle— 
which would have had a iimited market 
and would have been entirely financed 
by the French government. By joining 
with the British, the French not only 
cut down the financial risks but at the 
same time increased the sales prospects. 

On the French side arc two airframe 


companies, Sud Aviation and Avions 
Dassault, and the state-owned engine 
company. Snccma. France will build 
one medium-range prototype and one 
pre-production Concorde. The British 
will build a North Atlantic version in 
both prototype and pre-production air- 
craft. The French-built Concorde will 
gross about 200,000 lb., the British 
250,000 lb. Each version will be pow- 
ered by Bristol Siddclcy Olympus 593 
turbojet engines. 

Sud officials say first flight of their 
prototype may take place late in 1966. 
First pre-production aircraft will fly a 
year later and production planes are to 
begin rolling out at the end of 196S. 
This schedule will permit airline service 
by 1970. 

French industry observers have some 
reservations about the Concorde, al- 
though in France, unlike in Great Brit- 
ain, there has been practically no public 
debate on the project. These reserva- 
tions don't deal so much with the S500 
million which will be spent over the 
next eight years as they do with the 
economic and management aspects of 
the program. 

Sud officials remain confident that 
the Concorde will prove to be as eco- 
nomic an aircraft as preliminary studies 
indicate. This spring, in fact, French 
and British expect to begin their mar- 
keting effort. 

Yet Air France and BOAC. the two 
carriers which have to be sold first, are 
far from convinced by preliminary' oper- 
ating costs. There also remains the un- 
answered question of how future U. S. 
supersonic transport plans will affect 
Concorde sales. 

A committee of French and British 
officials will supervise two Franco-Brit- 
ish steering groups, one for airframe and 


:c between the 





This rotation principle bothers those 
who feel the project needs management 
stability. Georges Ilercil. fonner Sud 
Aviation president, quit last summer 
over the two-year rotation issue. Hereil 
felt the project wouldn’t be properly 
managed unless top jobs were held for 
at least five years, but was not supported 
by the French government. Gen. Andre 
Puget succeeded him as Sud’s president 
ana managing director and also as presi- 
dent of the Concorde airframe group 
until 1965. 

Despite denials, a question remains 
whether France’s blackball of Britain's 
bid to enter the six-nation Common 
Market may not eventually plague the 
Concorde program. Much, of course, de- 
pends on how the Franco-British politi- 
cal split works out this year. Majority 
feeling in French industry' is that both 
countries are "condemned” to cooper- 
ate in the supersonic transport field. 

Sud Aviation, in addition to its grow- 
ing involvement .n the Concorde pro- 
gram, continues to develop its Cara- 
vellc transport. Twenty-nine orders 
placed during 1962 brought Caravelle 
sales to 166 aircraft. Sud officials, inci- 
dentally, now use a figure of 1 50 aircraft 
as the Caravelle breakeven point, in- 
stead of the 22 5 aircraft previously used. 

Biggest Caravelle sales success during 
the year was Finnair’s order for six Cara- 
velle Super B models. It was Sud’s first 
order for Caravelles equipped with U. S. 
engines, in this case the Pratt & Whit- 
ney JT8D-1 turbofan. Sud also is offer- 
ing a Super A model powered by 
General Electric CJ805-23C aft-fan en- 
gines. 
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This year should tell how successful 
Sud’s advanced Caravelle sales cam- 
paign will be. Sud officials haven't yet 
given up on the U. S. market. 

Moreover, trade-in of earlier Cara- 
velles in orders for the Caravelle Super, 
as Sud arranged for Finnair, may help. 
Sud expects availability of an automatic 
landing system for the Caravelle, cut- 
ting landing minimums to 100 ft. ceil- 
ings and J mi. visibility, to assure con- 
tinued airline interest. 

This year will determine the fate of 
at least three promising French civil 
transports: the Potez 840 four-engine 
turboprop; Nord Aviation’s Super- 
Broussard’s twin-turboprop, and Brc- 
guet’s STOL 941 four-engine turboprop. 

Developed as a private venture by 
Henry Potez, the 840 is powered bv 
four Turbomcca Astazou engines, each 
developing 560 shp. Initial prototype 
of the 18,700-lb.. 24 passenger busi- 
ness feeder aircraft flew in April, and 
the second prototype early in 1962. 
Second prototype is fitted with weather 
radar and a modified cockpit. Turbo- 
Flight Inc. of Chicago, owner of the 02 
prototype, has shown the aircraft 
throughout the U. S. on a demonstra- 
tion tour. Standard price in U. S. runs 
about 5500,000. 

Production plans arc divided be- 
tween the company's French factory 
and a new factory near Dublin, Ireland. 
Though no production orders had been 
announced by mid-February, Potez 
planned to turn out its first production 
model in France in the first quarter of 
1964 and an initial production model in 
the Irish factory late that year. 

French government money has been 
involved in the development of Nord 
Aviation's 260 and 262 Super Broussard 
project, a high-wing feeder aircraft 
powered by two Turbomeca Bastan 4 
turboprops each developing 1,000 shp. 
and designed to carry 26-29 passengers 
over 500 mi. stage lengths. 

Nord Aviation flew the first 260 pro- 
duction version early in 1962 and the 
pressurized version— the 262-last De- 
cember. A pre-production order of 10 
aircraft is largely completed and will 
be used to accelerate certification test- 
ing. By 1964, Nord expects to be turn- 
ing out two aircraft monthly. A U. S. 
demonstration tour is planned next 
fall. 

This year will also be crucial for 
Breguet’s 941 STOL aircraft. Powered 
by four Turbomcca Turmo 3D turbo- 
props each developing 1,200 slip., the 
941 has a gross weight of 40,000 lb. 
The aircraft uses the deflected slip- 
stream, or blown-wing principle, for 
STOL performance. 

The 941 prototype recently com- 
pleted its test program at the govern- 
ment flight test center at Istres and now 
has logged about 250 hr. with 500 
landings. 


Military Missions Begin Study of 
India’s Air Defense Requirements 

New Delhi— India, jolted from its belief than an open military threat from 
neighboring Communist China lay perhaps 20 years away, is striving to piece 
together an effective defense force plus the broad industrial base needed to 
support it. 

Neither will be easy. Substantial U. S. aid is likely to be required for both. 
American aerospace companies undoubtedly will be called upon to participate, 
cither within the framework of formal U. S. aid programs or through contracts 
negotiated directly with India. To what degree is an unanswered question 
since a comprehensive program agreed upon by all sides has yet to be evolved. 


Following a professed neutralist 
policy and a limited purchasing pro- 
gram geared to the same concept, India 
has accumulated an assortment of 
equipment accompanied by all the 
logistics and support headaches this 
implies. The air force alone is operating 
21 different types of aircraft and heli- 
copters, including hardware from Great 
Britain, the Soviet Union, the U. S. 

Standardization, East or West, will 
be difficult if not impossible, since 
India still hopes to keep open its eco- 
nomic channels to the Soviet Union 
and other East European nations de- 
spite a definite shift towards the West 
—politically, emotionally and militarily 
—as a result of the Oct. 20 Chinese 
assault against thccountry'sborderareas 
in the Himalaya Mountains. Aside 
from the problems of logistics and sup- 
port, such a variety of equipment also 
crimps attempts to meld an integrated 

Military missions from the U. S., 
Great Britain, Canada and Australia, 
as an example, are currently studying 
India's air defense needs. A major one 
is establishment of a radar naming net- 
work. But American authorities are 
asking how this can be accomplished 

first-line interceptor may become the 
Soviet MiG-21 supported by on-site 
Russian technicians and instructors. 
There is no indication the Russians 
themselves will supply such control 
capability. 

In the fighting last fall, before China 
called, and India tacitly agreed to, a 
unilateral cease fire, both sides scru- 
pulously avoided the use of tactical air. 

For China and its limited goals, it 
was not needed. India, for its part, had 
no desire to touch off an aerial con- 
flict in which China could justify use 
of its Soviet-made 11-28 medium-range 
jet bombers against the vulnerable 
cities strewn across the Ganges delta 
region. Warning times would be 
minimal, and despite the difficulties in- 
volved, China probably could escort its 
bomber force with MiG-17 and MiG- 
19 fighters from Tibetan bases to offset 
the effectiveness of India’s Hawker 


Hunter and Folland Gnat defense 

Besides its failure to use airlift as 
the primary source of supply for its 
meagerly equipped front-line troops, 
India avoided committing combat air- 
craft to the point where reconnaissance, 
flights over Chinese-held Indian terri- 
tory were flatly banned. As a result, 
Chinese troops, sheltered by the moun- 
tainous terrain, could mass and attack 
without detection. 

Rapid build-up of a broad industrial 
base also will be difficult. India in- 
herited more than 20 ordnance factories 
from the British at the time of inde- 
pendence, including a modern aircraft 
production facility, and by late last year 
approximately 50,000 persons were 
listed as employed in the various de- 
fense firms. 

Much of their effort, however, went 
into products far removed from defense. 
Items rolling off the assembly lines in- 
cluded such diverse products as pres- 
sure cookers, three-wheeled auto- 
mobiles, leather goods, film projectors 
and double barrel shotguns. 

Despite some progress, the defense 
industry as now envisioned will be 
largely a matter of creation rather than 

Requests for U. S. aid that began 
rolling in almost at the moment of the 
Chinese attack are now being reviewed 
in perspective of the crease fire, and 
efforts are being made to establish 
priority' of need against what the U. S. 
can and will provide. 

The Western air defense missions, 
for instance, are delving into India's 
over-all requirements for aircraft, rock- 
ets and ground-to-air missile systems as 
well as radar. 

Recommendations will be made to 
the Indian government, and some U. S. 
aid probably will be forthcoming. To 
a greater degree, however, the U. S. 
will expect India to purchase directly 
or negotiate licensed-production agree- 
ments. In addition, tight State and 
Defense Department security restric- 
tions can place U. S. industry bidders 
at a disadvantage in areas where British 
and French companies can compete 
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ELECTRONICS 
ADD PRECISION 
TO FLIGHT CONTROL 


More proficient operation results from the 
added precision of electronic engine and flight 
controls. Working in conjunction with conven- 
tional hydro-mechanical devices, electronic con- 
trol systems can greatly improve efficiency. In 
engine control, for example, fuel metering refer- 
enced to critical temperature results in maxi- 
mum power output, increased payload and 
greater fuel economy. 

Texas Instruments is applying advanced elec- 
tronics “systems” techniques to engine and 
flight control problems. Systems developed by 
TI have demonstrated reliability in millions of 
hours of flight. For complete information on 
Texas Instruments air-borne control systems 
write Department 51. 



OPPORTUNITIES 


AT 

NORTH AMERICAN AVIATION’S 

SPACE AND 
INFORMATION 
SYSTEMS DIVISION 


North American Aviation's Space and 
Information Systems Division is ex- 
tending its capabilities into all realms 
of the aerospace technologies. Cur- 
rent programs include manned space- 
craft, large booster systems, missile 
weapon systems, recovery systems 
and research in all of the aerospace 

Two of the most challenging areas 
where immediate openings exist are 
in the Engineering Simulation group 
(manned spacecraft) and the Advanced 
Systems group which is concerned with 
all phases of systems engineering. 
ENGINEERING SIMULATION ■ S&ID's 
Manned Spacecraft effort requires en- 
gineers and scientists to participate 
in a unique engineering simulation 
program. A BS degree in engineering, 
math, physics or a related field and 
several years experience in one of the 
following areas is required: simula- 
tion design • computer simulation • 
simulation evaluation • error analysis 
• integration • optical and visual sys- 
tems ■ buffer design • computer 

ADVANCED SYSTEMS • Projects under 
way include Advanced Systems inves- 
tigations on manned and unmanned 
spacecraft, as well as the large chem- 
ical and nuclear launch vehicles of the 
future. Openings are available to en- 
gineers and scientists with 5 to 10 
years experience in all phases of Sys- 
tems Engineering including Conceptual 
Design, Program Requirements, and 
Project Engineering. 

For more information, write in con- 
fidence to: 

Mr.A.C.McKenzie 
Employment Services 
12214 Lakewood Blvd. 

Downey, California 
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with products having a roughly similar 

The U, S., India planners contend, 
has denied or ignored their requests for 
information on the Sidewinder and 
Hughes Falcon air-to-air missiles. 
Britain, on the other hand, has an- 
swered similar requests for data con- 
cerning the de Havilland Firestreak and 
Red Top infrared systems, and the 
French have supplied details concern- 
ing several airborne missiles as well as 
anti-tank weapons. 

The U. S. and United Kingdom 
together have agreed to supply India 
with S100-120 million in equipment 
and supplies to compensate for losses 
sustained in the border fighting last 
October and November. Beyond this, 
Britain may be willing to go farther than 
the U. S. in supplying off-the-shelf 
equipment on an aid basis since India 
also is a leading member of the Com- 
monwealth. 

For the present, however, Britain 
lacks a modem aircraft with minimum- 
weather close support capabilities, and 
India has requested information on the 
McDonnell F-4B and the Northrop 
F-5A. If these are unavailable under 
any aid program, India may be willing 
to" purchase one of the two outright 
or to negotiate a licensed-production 
agreement, since New Delhi officials 
concerned with the problem say the 
MiG-21 aircraft has little or no such 
capability’. 

Probable total number of MiGs will 
be marginal in any event. Under 
present agreements, the Soviets will 
supply at least 12 and possibly as many 
as 24 of the aircraft directly from Rus- 
sian production sources— specimen 
copies for pilot training. In addition, 
it will build a MiG-21 airframe and 
engine manufacturing facility at Orissa 
on India’s East coast where another 40 
aircraft are scheduled to be built. 

After a scries of delays and Western 
doubts as to whether Russia would 
meet its commitments and risk a wider 
schism with its recalcitrant Chinese 
ally, an initial increment of four MiG- 
218 arrived in India early this year. Just 
when the others will be delivered and, 
more importantly, when Russian tech- 
nicians will begin construction of the 
Orissa facility are still debated. 

Twelve Lockheed C-150 turboprop 
transports sent to India last No- 
vember are still there and flying 
with their American crews on a daily 
basis. More U. S. aid probably will be 
provided in the form of high-payload 
helicopters capable of operating at 
altitudes of over 20,000 ft. from air 
strips located at elevations of up to 
17,000 ft. above sea level. 

A quantity of C-l 50s also may be 
offered to India on a permanent basis. 
While impressed bv the performance 
of the U. S. Air Force C-l 30s flying 
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from New Delhi’s Palam Airport, 
Indians arc concerned over its nigh 
operational costs. 

Two de Havilland DHC-4 Caribous, 
made available when the U. S. Army 
surrendered its production line rights 
to them, currently are being evaluated 
in India in a related move in hopes of 
improving the air force’s airlift poten- 

Indian Air Force officials plan to 
evaluate the aircraft for high-altitude 
operations with several turboprop 
powerplant configurations, including a 
General Electric T64 installation and 
the Rolls-Royce Dart. If the aircraft 


proves successful, the government is ex- 
pected to negotiate a licensed produc- 
tion contract for manufacturer of the 
Caribou using, if possible, the Dart 
engines since they already are being 
produced in India for the Avro 74S 
series under construction at Kanpur. 

Final decision on this and other de- 
fense requirements may require time- 
assuming there is no new eruption 
along the border. One U. S. official re- 
cently said: 

“The Indians have had to take on 
rather substantial problems in the last 
few weeks, possibly as many as in the 
15 years since independence." 



With the successful Project Mercury flights of Astronauts 
Sheppard, Grissom, Glenn, and Carpenter, Macwhyte aircraft 
products have been used in most every history-making air- 
craft and aerospace achievement. 

The know-how gained through the years from the Jennies 
to the jets is built into aircraft cable, terminals, assemblies, 
and tie rods shown in Macwhyte's Aircraft Catalog A-4. 

These Macwhyte aircraft products are available through 
distributors and fixed-base operators. And, in addition, 
Macwhyte branch offices and representatives also are always 
ready to give you the very best service. 


MACWHYTE 
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We’re big in back-up, 

We provide sales and service support for anything that flies, almost anywhere in the world. We can 
do this for you, or we can do it with you. 

We have ten companies affiliated with us. We have issued 180 licenses to manufacture and sell. 
We have overseas personnel for both sales and service operations. All of our employees are devoted 
exclusively to export. 

A few of the areas we serve are flight control systems, air data computers, generating equipment. 


all over the world. 


autopilots, gyro compass systems, flight directors, doppler altimeters, comm/NAV equipment. 
There are many others. 

Our experience throughout the world — in 94 countries— has put us in the unique position to 
offer it in combination with our aircraft systems capability. Some combination. And you’re welcome 
to draw on it at any time. 

We’re at 205 E. 42nd St., New York 17, N.Y. 
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Canadian Defense Policy Shift Looms 


Ry Donald K. Fink 

Ottawa— Growing Canadian awareness of the gap left in the North Ameri- 
can air defense system by the ousted Conservative government’s refusal to 
accept nuclear warheads is forging a shift in Canadian defense policy. 

An S86 million austerity cut, which reduced the 1963-Canadian defense 
budget to a little over SI .6 billion, made Prime Minister John G. Diefen- 
bakcr’s vacillating non-nuclear defense policy even less popular with the mili- 
tary forces and the aerospace industry. As a result, Canada’s current political 
campaign has brought pressure on the four Canadian parties, including Dief- 
enbaker’s Conservatives, to define their defense policies unequivocally. 


Public sentiment, reflected by edito- 
rial comment and public opinion polls, 
strongly favors acceptance of nuclear 
warheads in accordance with commit- 
ments Canada made in North American 
Air Defense (NORAD) and North At- 
lantic Treaty Organization (NATO) 
agreements. 

U. S.-Canadian relationships on the 
nuclear arms question were a contribut- 
ing factor in the downfall of the Con- 
servative government. During a Liberal- 
sponsored debate in Parliament on 
defense policy, Diefenbaker said accep- 
tance of nuclear armament still was un- 
der negotiation between the U.S. and 
Canada. The U. S. State Department 
replied with a statement chiding Can- 
ada for failing to make any positive nu- 
clear proposals and refuting Diefenbak- 
er’s contention that nuclear defensive 
weapons were of questionable value in 
Canada. 

Despite his charge of American in- 
terference, Diefenbaker failed to survive 
a no-confidence resolution in the politi- 
cal uproar that followed. 

Reversal of Canada’s non-nuclear de- 


fense policy will mean arming Canada’s 
Bomarc B anti-aircraft missiles and 
re-equipping its five squadrons of CF- 
101B jet interceptors, the latter with 
Douglas MB-1 Genie nuclear air-to-air 

Bomarcs were purchased from the 
U.S. in 1958 after cancellation of the 
Avro CF-105 Arrow jet interceptor pro- 
gram left Canada without a weapons 
system to meet its NORAD obligations. 
They are in place at sites near North 
Bay, Ont., and La Macaza, Que., but 
are standing useless on their launch 
pads pending a decision to arm them. 
Bomarc B is not designed to use con- 
ventional warheads. 

The CF-lOls, which had been in use 
by the U. S. Air Defense Command 
with Genie, had to be re-equipped with 
Hughes Falcon 2 conventional warhead 
missiles before delivers’ to the Canadian 
NORAD units. The CF-101s were ob- 
tained by Canada in a three-cornered 
exchange under which Canada assumed 
control of 11 additional Pine Tree radar 
stations formerly supported by the U. S. 


and which also included an F-104G 
production program in Canada. 

Reversal of the nuclear policy also will 
mean the arming of the Royal Canadian 
Air Force’s eight CF-104G strike- 
reconnaissance squadrons scheduled for 
complete deployment in Europe by the 
end of the year. Canada agreed to re- 
place its obsolescent CF-86 and CF-100 
squadrons with nuclear strike-reconnais- 
sance squadrons when NATO changed 
its air strike concept in 1959. 

Lockheed's F-104G was chosen to 
equip them. Canadair, Ltd., of Mont- 
real. awarded the contract to build the 
200 aircraft required, now is nearing 
the end of that production order. 
Orenda Engines, Ltd., Toronto, is 
building the General Electric J79 en- 

First CF-104G squadron is at its sta- 
tion at Zweibrucken, Germany, but 
will not become operational until it re- 
ceives nuclear weapons. Formation of 
the second squadron is under way at 
Baden-Soellingen, Germany. 

Anti-nuclear feeling, based primarily 
on “ban-the-bomb” sentiment, once 
was strong in Canada, but public under- 
standing of the need for nuclear weap- 
ons in defense has increased. Canadians 
also are becoming more aware of the 
extent of Canada's involvement in 
NORAD, which has Canadian Air 
Marshal C. Roy Slemon as its deputy 
commander. The fact that NORAD 
annually channels about S250 million 
worth of business to Canada’s aviation 
industry also is becoming more widely 
appreciated. 

Canadian military forces continued to 
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CL-41R ADVANCED SYSTEMS TRAINER version of Canadair’s CL-41A trainer has an F-104G nose section and carries the F-1(MC 
electronics packages in aft fuselage "saddlebag" compartments. RCAF has ordered 190 trainers, designating them CT-114 Tutors. 


After Voting 

modernize during 1962, despite the 
continuing nuclear controversy and the 
austerity cut. Current Royal Canadian 
Air Force programs are not affected 
by the cut, but Army and Navy efforts 
to expand their aviation and missile 
programs face obstacles. 

RCAF modernization programs 
which were started in 1962 and which 
will continue through 1963 include the 
following: 

• Construction of seven new heavy ra- 
dar stations which are being built to 
augment Pine Tree Line 2 and which 
will extend Canadian radar coverage 
farther north. Two are completed and 
the remaining five are scheduled for 
completion by the end of 1963. These 
will become part of the network con- 
trolled by the underground, hardened 
SAGE (semi-automatic ground environ- 
ment) center now nearing completion 
at North Bay, Ont. 

• Re-equipment of the RCAF Air 
Transport Command fleet with C-130B 
Hercules transports; CC-106 Yukons, 
military versions of the CL-44 without 
the swing-tail: twin-engined CC-190 
Cosmopolitans, Canadair’s turboprop 
versions of the Convair 440 which re- 
place the Dakota (C-47), and Grumman 
SA-16 Albatross flying boats for use 
with search and rescue units. Yukons 
are the aircraft being used on Canada's 
direct logistic support flights to Europe 
that bypass the Canadian Air Material 
Base at Langar, England, and will result 
in its eventual phaseout. 

• Phaseout of the eight CF-86 Sabre 
and four CF-100 all-weather fighter 
squadrons in Europe in preparation for 



CANADIAN BOMARC B anti-aircraft missile is shown on its launching rack. Missiles arc 
in place at North Bay, Ont., and La Macaza, Que., but cannot become operational until 
they are armed with nuclear warheads. 
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What does a systems engineer 
do at Hughes? 


Responsibilities: Determine systems requirements for 
manned airborne electronic systems and supporting ground 
equipment to carry out necessary technical direction to as- 
sure system integrity. Responsibilities include logical design, 
signal flow designs and circuit interface requirements be- 
tween portions of the system. Must be able to create control 
documents for technical and financial visibility. 


4. Systems engineering 

5. Field engineering experience on Airborne F.C.S. 

Academic qualifications should include B.S.E.E. or equiv- 
alent degree from an accredited university. U. S. citizenship 
a requirement. 


Experience: Two years experience in one or more of the 
following: 

1. Electronics circuit design 

2. Electronics packaging 

3. Installation, testing, etc., of electronics equipment for an 
airframe manufacturer or a missile systems manager 



MR. ROBERT A. MARTIN 
Head of Employment 
Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 40, California 
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tlicir replacement by the eight CF- 
1(MG squadrons, which will be com- 
pleted in 1963. Air base modernization 
programs also arc under way to expand 
present European facilities to accommo- 
date the new CF-104s. 

• Modernization of the Maritime Air 
Command's fleet of Canadair CP-107 
Argus anti-submarine aircraft with 
improved detection equipment. Three 
Argus squadrons operate on the East 
Coast and one squadron, equipped with 
Lockheed P2V-7S, operates on the 
West Coast. 

• Final preparations for a switch to all- 
jet pilot training, which is scheduled to 
begin late this year with the first de- 
liveries of the Canadair CT-114 (CL- 
41 A) basic jet trainer. Royal Canadian 
Air Force has ordered 190 of the two- 
place jets, some of which will be 
equipped with F-104G nose sections 
and electronics systems for use as ad- 
vanced F-104G systems trainers. 

• Purchase of six Boeing Vertol CH- 
1 1 3 helicopters, the Canadian military 
version of the Vertol 107, for use in 
search and rescue work. First helicop- 
ter was delivered late last year. Remain- 
ing five arc scheduled for delivery bv 
the end of 1963. 

Naval aviation and missile programs 
suffered cutbacks during 1962. The 
Navy lost its fighter capability when its 
Banshee jet squadron. VF 870, was 
decommissioned. No replacement is 
programmed because of the limited ca- 
pability of the Navy’s sole aircraft car- 
rier, the Bonavcnturc, to handle high- 
performance aircraft. Since re-equip- 
ment with a new fighter would require 
a new carrier, Navy officials see little 
hope of regaining the capability. Fu- 
ture of the Bonaventure, now an ASW 
helicopter carrier, is in doubt. 

Navy's program for a surface-to-air 
missile fared little better, for its devel- 
opment was ruled out because of the 
austerity ait. A S22 million program to 
fit platforms on destroyers for Sikorsky 
1ISS-2 anti-submarine helicopters (AW 
Aug. 30. p. 31) is progressing on sched- 


ule, however. Sea trials begin this fall. 

Canadian Annv’s campaign for more 
aircraft in the heavy helicopter and 
utility transport categories met with 
partial success when the Canadian gov- 
ernment ordered 12 Vertol 107s, desig- 
nated CIl-1 1 3A by the Army, for use as 
troop and equipment transports. 

Armv presently has a fleet of Cessna 
L-19 observation-liaison aircraft and 
Hiller CI4-112 light reconnaissance heli- 
copters. Army officials want to build 
a transport fleet of dc Havilland STOL 
Caribous to increase mobility and a 
heavy helicopter fleet for use in vertical 
envelopment attacks. A situation re- 
sembling that existing in the U. S. mili- 
tary structure exists in Canada, with 
the Air Force insisting it should main- 
tain control of the airlift capability. 

Canadian purchase of CH-1 1 3As may 
be the first step in giving the Army a 
troop and light cargo airlift capability. 
At one time during the nuclear dispute, 
the Canadian government proposed to 
shift Canada's military commitments to 
a highly mobile conventional force. Fu- 
ture of this concept will remain uncer- 
tain until Canada's nuclear policy is 
resolved. 

Canada moved into the space age 
during 1962 with the successful launch- 
ing of the Canadian Alouette research 
satellite (AW Oct. 8, p. 34). The Alou- 
ette was developed by the Canadian De- 
fense Research Board and built by de 
Havilland of Canada, Ltd., Toronto. 
RCA and Sinclair Radio Laboratory of 
Toronto produced the electronic and 
telemetry systems. The satellite was 
placed in orbit from Vandcnberg AFB, 
Calif., by a Thor-Agena rocket provided 
by the U. S. National Aeronautics and 
Space Administration. 

Four more Alouettcs are scheduled 
for orbit in the next five years under 
a S60 million program, to which the 
U.S. is contributing $35 million. Three 
new satellites and the back-up vehicle 
for last year’s orbital shot will be used. 

Canada's aviation industry main- 
tained an uncertain existence during 


1962, with industry leaders looking for 
a definite defense policy on which to 
base future plans. 

De Havilland continued a monthly 
production rate of four Caribou 1 utility 
transports against total orders of 180 
from the U. S. Army, the Republic of 
China, Ghana, Sweden, India and the 
Canadian Air Force. Production is ex- 
pected to reach six a month by mid- 

Future programs at de Havilland in- 
clude development of the larger turbo- 
prop Caribou 2 for the U. S. Armv 
(AW July 23, p. 26) and the STOL 
Otter research program which is aimed 
at developing a reverse thrust package 
to improve Caribou STOL perform- 
ance (AW Feb. 18. p. 67). 

Canadair has a variety of programs 
under way, but had to reduce its work 
force to compensate for a slowing down 
of CL-44 and CF-104G production. 

The Canadian Air Force CF-104G 
order also is nearing completion and 
production of the 120 additional CF- 
104s funded by the U. S. for the NATO 
Military Assistance Program is not 
scheduled to begin until mid-year. 
Monthly production has been gradually 
reduced from 12 to 4 aircraft in an 
effort to keep the production line open. 

Canadair's CL-41A jet trainer is on 
schedule, with the first production air- 
craft due off the line in October. A 10- 
station overhead monorail production 
line is being used on the CL-41 pro- 
gram to speed assembly of the main 
fuselage section. 

Canadair also is seeking development 
of future aircraft with a conversion 
package program for the CL-41 basic air 
frame and its proposed CL-84 V/STOL 
liaison-reconnaissance aircraft (AW 
Feb. 18, p. 43). 

Orenda Engines, Ltd., in Toronto, de- 
pended primarily on the J79 engine 
production in support of the CF-104 
program during 1962. Orenda reached 
a peak production of 15 engines a 
month last vear, but has since reduced 
this rate to 9. 
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to Lockheed for Leadership 


New York to Los Angeles 
in less time than the*su 


TIME SQUEEZE 



Place : NEW YORK INTERNATIONAL airport 

A big needle-nosed transport stands poised for take-off 
in the mid-day sun. Suddenly its jets roar into full-throated 
life. The plane arrows down the runway and into the air in a 
sweeping climb-out that takes it to 70,000 feet in less than 
20 minutes heading westward toward the distant Pacific. 

Place : los angeles international airport 

Out of the eastern sky the plane descends in a long glide, 
its engines muted, its wings still hot from the Mach 3 speed 
which outpaced the sun for 2,469 miles. Result? Time is 
squeezed until it runs backward and the plane arrives before 
it departs— less than two hours out of New York. 


fantastic ? Not at Lockheed California where studies 
involving flight characteristics and airline operation of the SST 
have been in process for some time. Projects like these are one 
reason why the Company appeals to the man who enjoys work- 
ing in a creative climate that welcomes new ideas and concepts. 

scientists and £/VG/Ai££/?swhoarequalified byexperience 
and talent are invited to investigate these immediate openings: 
Electronic Systems: Flight Test; Aerodynamics; Thermo- 
dynamics; Dynamics; Guidance and Control; Operations 
Research; Astrodynamics; Aerophysics; Theoretical Physics; 
Astrophysics; Expanding Structures; Spacecraft Radiation 
Shielding. 

Write: Mr. E. W. Des Lauriers, Manager, Professional Place- 
ment Staff, Dept. 1103, 2406 N. Hollywood Way, Burbank, 
California. An equal opportunity employer. 




NORD AVIATION'S C-160 TRANSALL cargo prototype made its first flight recently. Aircraft is being built jointly for the French 
and German air forces (AW Mar. 4, p. 32). Transport is powered by two Rolls-Royce Tyne turboprop engines. 


West Germans Seek Industry Unification 


West German Defense Ministry is actively pushing its demand for a 
major reorganization designed to weld the nation's aerospace industrial com- 
plex into a single entity responsible for most research, development and 
production. 

Impetus behind the move is a growing need to obtain the best possible 
return from an overstrained industry where experienced technicians are at 
a premium by holding duplication to a minimum and by providing the gov- 
ernment with a single communications channel through which it can 
coordinate and monitor future programs. 


W ays, means and an acceptable time- 
table for final integration have been 
under discussion by industry and gov- 
ernment officials for the past three 
months but consolidation is complex, 
since large shares of the various com- 
panies affected are in private hands. 

The industry was resurrected from its 
postwar impotence largely by govern- 
ment aid and subsidy, and it is de- 

E endent upon defense contracts for its 
velihood. Thus, the Defense Minis- 
try has a sizable voice in its dav-by-day 
operation as well as in its over-all opera- 
tional and organizational structure. 

A number of industry officials agree 
with the aims of the project, although 
there is concern as to how ownership 
of the integrated parcel is to be ap- 
portioned between the government and 
private shareholders. 

The new organization would go far 
beyond the present, largely informal 
structuring of the industry' into North 
and South Groups. As originally con- 
ceived, the South Group of Mcsscr- 
schmitt, Heinkel, Domier and Bolkow 
was to to become the manufacturing 
ami of the licensed-production program 
for the Lockheed F-104G interceptor. 
The North Group was to concentrate 
primarily upon development and pro- 
duction of transport aircraft. 

As the German portion of the multi- 


nation F-104 program expanded, it 
quickly outstripped the industrial capac- 
ity of the South Croup. Members of 
the North Group as well as Dutch and 
Belgian firms were called in on the 

Since then, the two groups largely 
have lost their identity and meaning. 
Members of the South Group have 
worked with their opposite numbers in 
the North Group on several projects. 
Domier, in the fighter-oriented South 
Group, won the government contract 
for a V/STOL transport, while Focke- 
Wulf in the transport-oriented North 
won a competition for a V/STOL strike 
fighter design. 

Integrating the industry would sim- 
plify not only channeling and division of 
work on future multination production 
projects but also the Defense Ministry’s 
coordination of these programs inter- 
nally as well as externally. Although 
Germany is still anxious to build its own 
industry' as an instrument of prestige, 
employment and technological develop- 
ment, its participation in multination 
projects may grow under the evolving 
philosophy of its present military 
leaders. 

Gen. Werner Panitzki, new West 
German air force chief, believes as a 
military man he must reject any purely 


national aircraft production program 
where vulnerable German facilities 
would represent the only source of sup- 
ply. For most major programs, lie 
would prefer a link with the U. S., 
where he believes production facilities 
would stand a greater chance of sur- 
vival than in Europe, even in the event 
of a nuclear exchange with Russia. 

Aside from tactical missiles, where 
Germany’s procurement program is be- 
coming increasingly obscured by an 
ambivalent U. S. policy regarding their 
availability, the nation’s major military 
aerospace goal centers around acquisi- 
tion of a family of V/STOL aircraft. 
These would lessen dependence upon 
conventional airfields where activity can 
be continuously monitored on the radar 
scopes of Eastern Europe. 

Germany would like to cooperate 
with the U. S. in this area to gain some 
assurance that a back-up logistics 
source might be available after any 
initial Soviet thrust toward the West. 
Such a move, however, will depend 
upon a final U. S. Defense Dept, clari- 
fication as to what it wants— and when 
—in the V/STOL field. West German 
Defense Ministry' planners feel that 
combat V/STOL aircraft must become 
operational within the German air force 
during the early 1970s. 

Of Germany's own projects in this 
field, the Focke-Wulf 1262 close-sup- 
port fighter and the Domier Do-31 
medium range transport appear to have 
the best chance of production. 

The 1262, developed under govern- 
ment contract, has been designed to 
use the Bristol Siddelev BS.94 vec- 
tored-thrust turbojet for its main pro- 
pulsion unit and two Rolls-Royce 
RB.162 lift engines housed in the 
wings. No development funds are 
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available for the BS.94, however, and 
Focke-Wulf is considering an alternate 
design incorporating two deflected- 
thrust versions of the Rolls-Royce Spey. 

Germany appears to be willing to 
integrate the 1262 design with projects 
and requirements of other nations to 
gain a multi-lateral production base for 
a V/STOL close-support aircraft to re- 
place German Fiat C.91 strike fighters. 

Relying primarily upon ground-to- 
air missiles for air defense. German air 
force planners foresee only a limited 
requirement for high-performance 
V/STOL aircraft to replace the F-10-t 
in the early 1970s. Under present 


planning, these would be used pri- 
marily for long-range reconnaissance 
and strikes against moving targets. 

An aircraft to fit this role, the VJ- 
101D, has been under development 
with government support by an indus- 
try team from Messerschmitt, Heinkel, 
Dornicr and Sicbel. A testbed version 
has been flying since last fall. Future 
of the project is in doubt, however, 
partlv because of the limited require- 
ment foreseen for the aircraft and 
partly because of Germany's desire to 
procure equipment that also will be in 
sendee with and manufactured by other 
members of the Western alliance. 


In its present design configuration, 
the VJ-101D would be powered by 
two Rolls-Royce RB.153 powcrplants 
adapted for deflected thrust and housed 
in the fuselage and a bank of RB.162s 
for use in the vertical flight regime. 

In Gen. Panitzki's philosophy, 
manned interceptors have little value 
to West Germany whose proximity to 
Communist Eastern Europe means 
that practically no advanced warning 
of an incoming attack would be avail- 
able. Consequently, he would like to 
see a shift in roles and missions within 
the North Atlantic Treaty Organiza- 
tion that would free the German air 
force of its present commitment to 
assign two F-104G wings to the NATO 
interceptor force. 

Instead, Gen. Panitzki would prefer 
to rely on quick response ground-to- 

fense. using his full force of approxi- 
mately 700 F-104s when they become 
available for strike and reconnaissance 
missions under an offensive air defense 
concept. Germany, in essence, would 
assume a greater strike and reconnais- 
sance role within NATO, and other 
European nations that could expect 
more adequate warning would take- 
over a larger share of the manned in- 
terceptor mission. 

One problem is use of an aircraft 
that was designed first as an interceptor 
and then adapted to a strike role with 
nuclear weapons in the role of a tac- 
tical fighter earning only conventional 
weapons. Earlier plans for utilization 
of the aircraft have been shelved, and 
the West German F-104 strike fighter 
wings are currently scheduled to be 
used as part of NATO’s conventional 
warfare arm now being strengthened 
under White House prodding. 

Germanv-despite its collaboration 
agreement with France, which has ig- 
nored President Kennedy's conven- 
tional warfare requests— has agreed to 
accept the conventional force philoso- 
phy as long as it is backed by a strong 
tactical and strategic nuclear arm. Fur- 
thermore, Germany intends to con- 
tinue to cooperate with the U. S. gov- 
ernment and U. S. industry in the 
development and production of new 
weapon systems, unlike France which 
now appears willing to buy American 
only when there is no other recourse. 

The Franco-German agreement 
could foster joint development of a 
high-perfonnance V/STOL interceptor 
and reconnaissance aircraft built around 
the designs of the VJ-101D and 
France’s Mirage 3V. It also could 
mean an end to efforts within the 
German air force, army and navy to 
persuade the country's political leaders 
to abandon plans for licensed produc- 
tion of France’s SA.3210 Super Frelon 
heavy helicopter and to adopt the 
Sikorsky S-61 instead. 



MAN WITH A SPACE PROBLEM! 


His “space problem" is easily solved. Need offices, shop space or a 
whole factory? A single call to MRC sets up all the working area you 

Each installation is tailored to your specific needs. 500 to 50,000 
square feet... complete with fluorescent lighting and air conditioning. 
MRC mobile units roll away quickly when no longer needed. 

THE COST? Just rent or lease with option to buy. One monthly 
charge covers all expenses. Call and learn why MRC is the practical 
way to expand or to set up comfortable efficient field headquarters . . . 



Mobile Rentals Corporation 

14920 South Main Street /Gardena, California 
Write Dept. A-21/P hone: FAcuity 1-8500/TWX: 213-321-9020. 
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The agreement covers large areas of 
defense, including coordination of some 
research and development projects as 
well as production efforts. Each coun- 
ty's defense ministry will draft a list 
of proposals for cross submission and 
afterward an agreement will be made 
on specific joint projects to be under- 
taken by the respective industry and 

Also included are provision for bi- 
lateral strategic and tactical studies and 
deployment and acceleration of joint 
maneuvers and training exercises. 

Any permanent stationing of German 
air force combat units in France, a 
possibility for its interceptor wings if 
Gen. Panitzki’s plan continues to meet 
resistance, probably would have to be 
approved bv NATO. Joint maneuvers 
and training exercises can be arranged 
largely on a bilateral basis, however. 
German air force units, as an example, 
have been flying to the French-owned, 
NATO-built gunnery and bombing 
range on Corsica for training missions 

In the transport field, Domier seems 
assured of a sizable air force order for 
the Do. 31 V/STOL medium-range 
military transport. Tire aircraft is now 
scheduled to be powered by two Bristol 
Siddclev BS. 3 3- type vectored thrust 
engines, one podded beneath each wing. 

Fockc-Wulf has a V/STOL transport 
design that is somewhat larger than the 
Do.Jl, but it has no government de- 
velopment support. Designated the 
FW.260, the 85-passenger aircraft 
would have a Mach 0.85 cruise speed 
over stage lengths of 300-1,200 mi. 
Vertical lift would be obtained from 
two wing pods, each housing six purc- 
lift engines-either the Bristol Sidde- 
ley BS.59 or the Rolls-Royce RB.162. 

Germany is pressed for funds to meet 
other requirements, and its former en- 
couragement to industry to design and 
produce commercial transport aircraft 
lias been lacking recently. 

A second commercial transport de- 
sign, the Heinkel 211 series, will re- 
main on paper until-and if— the gov- 
ernment provides $9 million to carry the 
project through development. 

Heinkel, to generate interest in the 
aircraft as well as assure a future domes- 
tic market, has been negotiating with 
Deutsche Lufthansa West German Air- 
lines for a possible order for the turbo- 
jet HE 211B-1 version of the short-to- 
medium-range transport, but no firm 
decision has been reached. 

Present plans call for the 211B-1 to 
be powered by two General Electric 
CF700-2B fan engines of 4,200 lb. 
thrust each. An alternate installation is 
three 2,850-Jb.-thrust General Electric 
CF-610 turbojets, also mounted in the 
aircraft’s tail section. The 24-passcnger 
turbojet is designed primarily as a DC-3 


replacement to operate economically 
over stage lengths of approximately 700 
mi. Cruise speed is 542 mph. 

A turboprop version, the HE211A-1, 
also has been proposed using two Ly- 
coming T55 engines of 2,200 slip. each. 
The low-wing design would cany 23-25 
passengers over a maximum range of 
444 mi. at a cruise speed of 380 mph. 

In the helicopter field, Bolkow has ob- 
tained government funding for construc- 
tion of three Bo.49 two-man test vehicles 
to evaluate its high-speed lead-lag rotor 
system, designed to reach 200 kt. 
Production dates have slipped slightly, 
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but first of the three is now scheduled 
to roll out by late spring or early sum- 
mer, and hover tests should be under 
way by early fall. 

West Germany this year also plans 
to accelerate its move into space. Last 
year, approximately $2.5 million was 
available for civil space projects. This 
year, as German commitments to the 
European Launch Development Or- 
ganization and the European Space Re- 
search Organization begin to be felt, 
funding may increase to $25 million, 
and the total is expected to grow pro- 
portionately during succeeding years. 


AND NOW MILLER 

PROGRAMMED 



BRINGS YOU 

PERFECTION 
IN WELDING 


With the ESR-150 welder, you 
can produce — and reproduce — 
accurate d-c TIG weldments 
every time. Precision-engineered, 
the ESR-150 stabilizes current 
output and provides input- 
voltage compensation — 
automatically. Problems usually 
caused by fixture run-out, arc- 
length changes and other such 
variables are eliminated. You 
pre- program a complete sequence 
of weld currents and weld-time 
requirements in the range of 
2 to 150 amperes. 

Uniquely versatile, the ESR-150 
lets you weld standard or exotic 
materials in extremely thin 
sections (0.002"), and then, 
with the same power supply, 
switch to heavy-gauge metals 
quickly and conveniently. 

Component adaptations to meet 
unusual demands are available, 
if you need them, at small 
additional cost 


MANUFACTURING COMPANY 
APPLETON • WISCONSIN 
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Japan Embarks on Defense Modernization 


Tokyo— Japan's aerospace technical spectrum is gradually broadening, 
stimulated partly by requirements of a 5-vear defense buildup and moderniza- 
tion program begun last year and partly by a search for longer range projects 
to fill the void that will be left when the program phases out in 1966, 

Because of the program, initiated in 1961 by the Japanese National Defense 
Council and bv the Cabinet, Japan's aviation industry has an order backlog 
that promises a respectable volume through 1965— largely manufacturing 
U. S. designed aircraft. 


Concerned at the post-1965 pros- 
pects, however, Japanese industry is 
beginning to emphasize its own design 

In common with international trends, 
Japan's aviation industry is moving to 
lower volume, higher unit cost produc- 
tion. Last year, unit production total- 
ling 105 aircraft was well below the 
1957 peak of 227 aircraft. But value of 
last year’s total, including engines and 
accessories, reached a postwar record 
of S55.5 million. The 227 aircraft in 
1957 represented only S20 million 
worth of business. 

Budget for the Japanese Air Self De- 
fense Force trails the ground forces in 
size, but has been rising at a faster rate 
since 1960 than cither the Ground or 
the Maritime Self Defense Force. For 
the 1962 Fiscal year, ending Mar. 31, 


fixed wing aircraft— P2V-7s and S2Fs- 
and 30 helicopters; the army about 70 
helicopters and 190 fixed wing aircraft. 

Like Germany, Japan is buying a 
technological leap forward with manu- 
facture or assembly of 200 Mach 2 
Lockheed F-104s, which the Japanese 
will phase into the Air Self Defense 
Force by 1965. 

Twenty F-104J interceptors and 20 
F-104DJ trainers were manufactured 
in the U. S. and knocked down for ship- 
ping and reassembly in Japan. First of 
these aircraft was flown last April and 
delivered to the air force. 

Tire remaining 160 aircraft, all inter- 
ceptor versions, will be almost entirely 
manufactured in Japan, and delivery of 
the first all-Japanese aircraft is scheduled 
for this month. Mitsubishi Heavy In- 
dustries, Reorganized, Ltd., 


1963, the air force total reached approx- contractor, with Kawasaki Aircraft Co. 


imately $165 
Under the 5-vear defense program, 
the air force will remain at about its 
present strength of 1,100 aircraft. Two 
thirds of this currently consists of jet 
fighters and trainers— F-86Ds, F-86Fs, 
T-33s ' ' 


; subcontractor. 

Japan has not had the management 
problems of the European program, but 
there have been technical obstacles. 
The Japanese did not allow for Hie same 
range of tolerances in the airframe as 
American practices require, and the re- 
sult was extra effort to cut and fit sec- 
tions by hand. 


First Japanese manufactured J79-11 
turbojet engine for the F-104 has com- 
pleted two 150 hr, flight rating tests. 
Engine production by Ishikawapma- 
Harima Heavy Industries will not use 
the same degree of Japanese made com- 
ponents as the airframe— probably reach- 
ing only approximately 50-60% of the 

Even though delivery of the F-104J 
is at hand, the Japanese are still debat- 
ing award of a contract for a modernized 
command and control system to inte- 
grate the F-104 and new anti-aircraft 
missiles into Japanese air defense. 

Debate over choice of a system, cen- 
tering over cost, system evaluation and 
Japanese domestic political and eco- 
nomic factors, has been under way for 
18 months. One Japanese team evalu- 
ated competing systems in the U. S. 
last fall using high performance U. S. 
interceptors, but another evaluation may 
be made before a decision is reached 
on the system. 

Competing for the system, roughly a 
Japanese version of the U. S. SAGE, 

• General Electric’s recently formed 
Japanese joint venture with Toshiba 
(Tokyo Shibaura Electric Mfg. Co.), 
proposing basicallv the GPA/73. This 
is part of the U. S. 41 2L Air Weapons 
Control System and nine copies of it 
are dcploved in Germany. Initial cost is 
estimated at S83 million, but may go 
higher. 

° Litton Industries teamed with Mitsu- 
bishi Electric and Fuji Communications 
Apparatus Mfg. Co., offering Litton's 
Marine Tactical Data System (MTDS) 
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now in service with the U. S. Marine 
Corps. Initial cost of this system, also 
known as Modicon (Modular Control), 
is S52 million. 

• Hughes Aircraft Corp. teamed with 
Nippon Electric and offering the 
Hughes Tactical Air Weapons Control 
System (TAWCS) elements of which 
have been used by all three U. S. serv- 
ices. Its initial cost is estimated at $40 

U. S. funding is involved, and thus 
the U. S. urging to the Japanese to 
make a decision in time for handling in 
the Fiscal 1964 budget processing. 
Further, U. S. services have interest in 
the purchase of systems which they 
have supported. 

Japan’s own aircraft design and en- 
gineering capability— confined since 
World War 2 to the Fuji T-1A jet 
trainer, except for lightplanes— is broad- 
ening into several programs with possi- 
ble future potential: 

• Nihon YS-11 52-60 seat short-haul 
transport powered by two Rolls Roycc 
Dart 10/1 Mk. 542 turboprop engines. 
Two prototypes flew for the first time 
last year. Certification by the Japanese 
Civil Aviation Bureau is scheduled in 
October and first delivery is pro- 

E mimed for 1964. All-Nippon Airways 
s ordered 20, the Japanese Self De- 
fense Agency two for VIP transport, 
and the Civil Aviation Bureau one for 
test and utility transport use. No mili- 
tary order has been mentioned, but the 
Japanese Air Self Defense Force, using 
Curtiss C-46 piston engine aircraft for 
transport, is a potential customer. First 
delivery of the YS-1 1 transport will be 
to the Civil Aviation Bureau for cer- 
tification. 

• Four-engine modification of the 
Grumman UF-1 Albatross, under test 
by the Maritime Self Defense Force as 
an anti-submarine aircraft. Test flying 
began early this year, and Shin Meiwa 
Industry Co., which carried out the 
modification, is hoping for further de- 
velopment and manufacture. Shin 
Meiwa, with Kawasaki as subcontractor, 
was in process of delivering the last of 
42 Lockheed P2V-7 ASW patrol aircraft 
to the Japanese navy early this year. 

• Light-twin turboprop utility transport 
or reconnaissance aircraft under devel- 
opment by Mitsubishi. Designated the 
MU-2, the 6-place aircraft will be 
equipped with two 500 shp. engines 
and cruise at 300 mph. A prototype 
will be completed this year. 

• Light-twin development of the Beech 
T-34 Mentor trainer at Fuji. A modifi- 
cation of the T-34 is now being pro- 
duced by Fuji under the designation 
KM-2, and 25 of an order of 30-40 will 
be delivered this year. 

Japan is relying to a greater extent 
on its own design in the area of battle- 
field and anti-aircraft missiles. Kawa- 
saki has completed testing of its wire- 
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guided AAM anti-tank missile and pro- 
duction is expected to begin this year. 

Development is still continuing of 
other Japanese missiles in these classes, 
including the AAM-2 air-to-air weapon.- 
and the TMB-0, TSAM-1 and TLRM-2 
surface-to-air missiles. All are Mitsu- 
bishi projects. 

Defense Buildup 

In the meantime, Japan is buying 
Nike-Ajax anti-aircraft missiles and 
Hawk low-altitude anti-aircraft missiles 
from the U. S. as part of the defense 
buildup. Two battalions of each are 
planned, and equipment for the first 
Nike-Ajax battalion is due for delivery 
in April. Purchase of the air-breathing 
Boeing Bomarc for Japan's air defense 
also was under discussion. 

Development of VTOL aircraft is 
attracting increasing interest in Japan 
for long range application and greater 
support to industry in this field is ex- 
pected from the Industrial Science and 


Technics Agency of the International 
Trade and Industry Ministry. Projects 

• VTOL transport in the 250-300 kt. 
speed and 300 mi. range class, and de- 
signed to carry 50 passengers. The 
project is under study by the VTOL 
department of the Aircraft Industry 
Council, which is part of the Interna- 
tional Trade and Industry Ministry. 

• VTOL testbed under design by the 
Aeronautic Institute of Tokyo. This 
project, financed by a 5400,000 Educa- 
tion Ministry subsidy, will probably uti- 
lize a lift engine. 

• Tilt-wing aircraft under lcvelopment 
by Mitsubishi. 

• Turbojet lift engine under develop- 
ment by a Jet Engine Study committee, 
which is part of the National Aeronau- 
tical Laboratory of the Science and 
Technics Agency. Under study is a 135 
lb, engine developing about 2,500 lb. 
thrust, or almost a 20:1 thrust-to-weight 
ratio and designated XJ-11. Construc- 


period is planned. 

Currently Japan's aviation industry 
is adding to its manufacturing capabil- 
ity in the rotary wing field, aiming not 
onlv at commercial markets in South- 
east Asia but also at Japanese military 
orders that are expected as part of the 
defense modernization program. 

Mitsubishi is building both the Si- 
korsky S-61 twin turbine helicopter and 
the single turbine engine S-6Z under 
license, at relatively low production 
rates. Complete components for one 
Byable S-61 were delivered last year and 
component kits for two more have been 
ordered from Sikorsky for delivery early 
this year. Further parts procurement is 
expected. Eventually, the Japanese will 
supply most of the production com- 
ponents, possibly excepting some dy- 


Similarly, Kawasaki imported two 
completed Vertol 107s, but has received 
eight more in kit form for gradually 
expanding its manufacturing capabilities 
for the helicopter. Fuji has imported a 
single Bell IIU-1B. which it assembled, 
and plans to begin manufacturing the 
helicopter in 1964. 

Prospective Japanese military orders 
are stirring much of the helicopter ac- 
tivity. Side-by-side evaluation of the 
S-61 and the KV-107 by the ground 
forces began early this year. Navy is 
looking at both twin-turbine helicopters 
for anti-submarine use, but has pur- 
chased two KV-107s for minesweeping 
use. Air force is interested in a utility- 
rescue helicopter of the S-62 class. 

The Japanese also have a space pro- 
gram under way and may be able to or- 
bit an 88 lb. satellite by 1967. It's 
being directed by the Institute of In- 
dustrial Science, a government research 
body, and Tokyo University. 

Sounding Rockets 

In the past seven years, the group has 
launched about 90 sounding rockets. 
About 30 were the so-called Kappa type 
and a Kappa L rocket has reached a 
height of 217 mi., the Japanese peak 
so far. The Japanese are particularly 
interested in studying meteorological 
data— winds, temperatures, density. 

Currently, the Japanese are develop- 
ing a Lambda rocket, a 2-stagc solid 
fuel booster, with which the Japanese 
hope to reach 400-500 mi. Later, they 
plan to add another stage and push the 
rocket to 930 mi. 

Japan's 1963 budget for this program 
is 51-2 million, compared to $800,000 
in Fiscal 1962. Included is a new launch 
site in southern Japan facing onto the 
Pacific Ocean. Previously, the Japa- 
nese had been firing into the Japan Sea 
on the northwest coat. But as their 
range increased, they shifted the launch 
site to prevent any rockets from falling 
into Soviet Russia. 
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Zuckert Defends F-lll Winner Selection 


Senate unit extends investigation, hears conflicting 
cost data; Rep. Wright denounces investigation. 

By George C. Wilson 

Washington— Air Force Secretary Eugene M. Zuckert last week released 
a memorandum explaining his selection of General Dynamics-Grumman for 
the F-lll (formerly TFX) development contract while the Senate tried to 
clarify conflicting cost figures for the aircraft and House members charged 
that the whole investigation was unfair. 

Chairman John L. McClellan (D.-Ark.) of the Senate investigations sub- 
committee said the probe will take longer than the five or six days he antici- 
pated. He said he presumed Defense Secretary Robert S. McNamara will 
testify before the hearings end. They arc slated to continue this week. 


So far. none of the civilian Defense 
Dept, officials who reversed unanimous 
recommendations by joint USAF-Navv 
source selection boards that Boeing be 
awarded the F-lll contract have testi- 
fied. But Defense Dept, on Mar. 3 re- 
leased most of the memorandum 
Zuckert wrote on Nov. 21, 1962, ex- 
plaining why he picked General Dy- 
namics-Grumman rather than Boeing. 
The Senate committee had released 
onlv a portion of Zuckert's statement 
(AW Mar. 4, p. 22). 

Zuckert's Memo 

The Zuckert memo said: "It is appar- 
ent from the evaluation that the Boeing 
and General Dynamics proposals, al- 
though possessing strong dissimilarities, 
are rated equally. In the raw score 
comparison. General Dynamics received 
175.6 points and Boeing 172.1, a differ- 
ence of less than 2% He said the Air 
Force gives "a significant edge to the 
operational characteristics of the Boeing 
aircraft, because of its longer ferrying 
range, greater fire power and the provi- 
sion of thrust reversers for increased 
maneuverability. 

“The Navy also favors Boeing's oper- 
ational features," the memo said, “but 
to a lesser degree, attributable in part 
to the lower number of Boeing aircraft 
which could be accommodated aboard 
a carrier ... In the Navy version, the 
Boeing proposal has a speed restriction 
which would require additional weight 
to be added. The General Dynamics 
aircraft is slightly inferior in weapon 
selectivity and carrying capability; how- 
ever, its superior supersonic perform- 
ance and lack of a speed limitation are 
considered to be basic advantages which 
can overcome the deficiencies. Inas- 
much as cither of the proposed aircraft 
can perform the mission required bv 
both services, and the evaluation of the 
proposals provides no overriding margin 
between the competitors, it is necessary 
to consider other factors in evaluating 
these aircraft.” 


These "other factors," the Zuckert 
memo said, were: the "distinct edge" 
General Dynamics had in using com- 
mon equipment and parts on the Air 
Force and Navy versions of the F-lll; 
possible structural problems from Boe- 
ing's intended use of titanium, a fear 
expressed by the Navy; Boeing’s over- 
optimistic estimates of the cost of engi- 
neering, tooling and manufacturing: su- 
perior experience General Dynamics- 
Grumman had in building supersonic 
and Navy aircraft. 

“In analyzing the summary of ratings 
in the evaluation.” Zuckert said, "it is 
pertinent to note that the General Dy- 
namics evaluation exceeds Boeing’s in 
the technical areas of air vehicle, pro- 
pulsion, flight control, secondary power 
and environmental control, mission and 



traffic control, aerospace ground equip- 
ment, crew provisions and personnel 
subsystems. These favorable areas, in 
our opinion, outweigh the deficiencies 
in offensive systems, reconnaissance and 
penetration aids." 

Just how much less expensively Boe- 
ing could produce the 1,700 aircraft 
than General Dynamics-Grumman be- 
came a central question m the subcom- 
mittee’s inquiry last week. USAF Col. 
Charles C. Gayle, project director of 
the F-lll, said his evaluation group 
had erred in its cost estimates during 
the fourth and final evaluation. The 
mathematical error increased USAF's 
figure for Boeing S77.5 million. Col. 
Gayle said lie was not sure Zuckert 
knew of the error at the time he made 
the final decision to select General Dy- 

"Tl'icsc were the various estimates of 
what it would cost to develop and pro- 
duce the required number of aircraft 
—contractors' own estimates: General 
Dynamics-Grumman. 55,455,500.000. 
Boeing. S5.364.200.000. a difference of 
S91. 300.000: first Air Force adjustment 
of these figures by adding cost estimates 
for additional requirements: General 
Dynamics-Cnmunan. S7.08 3,200,000. 
Boeing. S6.983.000.000. a difference of 
SI 00.200.000: Air Force adjusted fig- 
ures comparing proposals directly rather 
than including estimates of additional 
requirements: General Dvnamics. S5.- 
S03.000.000. Boeing S5,465,000,000, a 
difference of S33S.000.000; Air Force 
final estimates after finding mathemati- 
cal error: General Dvnamics, $5,803,- 
000,000, Boeing. S’5, 387. 500,000, a 
difference of $415,500,00. 

Gayle Statement 

During the extensive questioning of 
Col. Gavle, he said: “I believe that I 
have stated to Boeing on several occa- 
sions that they could use more experi- 
ence in Navy work and fighter experi- 
ence." Despite such advice, Boeing de- 
cided to go it alone rather than join 
forces with another company with Navy 
experience. 

The dispute over the F-lll contract 
award spilled over to the House. Rep. 
James C. Wright. Jr. (D.-Tex.) of Ft. 
Worth, Tex., where General Dynamics 
would build the F-lll, said “the odd 
assumption behind the investigation in 
the other body seems to be that Boeing 
receives contracts solely on merit, but a 
competitor could only win by some un- 
disclosed chicanery.”’ Part of the justi- 
fication for giving the contract to Gen- 
eral Dynamics. Rep. Wright said, was 
that “in the absence of a substantial 
contract of this type, the General Dy- 
namics team at ft. Worth was faced 
with dismemberment.” 
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No Major Advance Seen in U. S. 
Nuclear Test Detection Capability 


By Katherine Johnsen 

Washington— U. S. capability to de- 
tect and identify underground nuclear 
detonations— the key to a test ban agree- 
ment-has gradually, but not spectacu- 
larly, improved over the four-year life 
of the Vela Uniform project, Advanced 
Research Projects Agency reported last 
week to the Joint Committee on Atomic 
Energy. Dr. J. P. Ruina, ARPA direc- 

"Important as some of the new re- 
sults have been and however significant 
the change in the whole technical pic- 
ture has been, in no technical sense can 
any of the individual developments be 
considered scientific breakthroughs . . . 
Such breakthroughs are possible but 
they are entirely unpredictable . . . 
What is predictable is the kind of grad- 
ual improvements which we have 

Approximately S100 million has been 
invested in Vela Uniform by Defense 
Dept., of which ARPA is a part, with 
another $20 million programed for 
Fiscal 1964. 

Dr. Ruina said the results of intelli- 
gence activities and political factors, as 
well as technical factors, determine the 
advisability of a test ban. 

In the area of detection, the U. S. is 
now proposing to rely primarily on a 
capability located outside the territory 
of the USSR. Dr. Carl F. Romney, 
assistant technical director of Air Force 
Technical Applications Center, esti- 
mated that this would require 15 sta- 
tions costing about SI million each. 
The annual operation would cost about 
S10 million, he said. 

Without further research, the system 
would detect: 

• Detonations in granite of 1 kiloton or 
more. One kiloton would be considered 
the “detection threshold" for granite. 

• Detonations in tuff— a volcanic matter 
found in Nevada— of six kilotons or 
more, and probably all detonations over 
two kilotons. 

• Detonations in alluvium— a sandy mat- 
ter— of 20 kilotons or more, and prob- 
ably all detonations over 10 kilotons. 
Seri. John O. Pastore (D.-R. I.), chair- 
man of the committee, raised the pos- 
sibility that a nuclear detonation of just 
under 20 kilotons, comparable to the 
Hiroshima explosion, could go unde- 

Dr. Ruina noted that dry alluvium, 
the material in which a nuclear detona- 
tion is the hardest to detect, “does not 
occur to depths sufficiently great to 
assure non-venting of fission products 
except in a relatively few desert areas 


of the world.” Fission deposits in the 
atmosphere are readily detectable. 

Nuclear detonations, detected at the 
detection thresholds for granite, tuff, 
or alluvium, would have to be singled 
out from about 170 earthquakes an- 
nually in the USSR, Romney said. 

U. S. is now negotiating for seven 
on-site inspections in the USSR to 
identify possible violations of a test ban. 

Of the 170 earthquakes. Dr. Romney 
said, about 20 could be identified with 
certainty, without on-site investigation, 
and an additional number of about 75 
could be identified with a high degree 
of positiveness. This would leave about 
75 earthquakes that could be confused 
as possible nuclear explosions, with 
identification possible only by on-site 
inspection. 

NASA Briefs Firms 
On Voyager Studies 

Washington— Bidders' briefing is to 
be held at National Aeronautics and 
Space Administration headquarters here 
Mar. 1 1 on six-month conceptual stud- 
ies of Voyager planetary orbitcr and 
lander spacecraft. 

Invitations were sent to 21 com- 
panies on Mar. 5. Bids will be due 
Mar. 25. 

The space agency will award two 
contracts for the studies. 

Work statement calls for engineering 
studies of three payload configurations 
which would be launched by Saturn 1, 
IB and 5 vehicles. Emphasis will be 
placed on a 6,000 to 7.000-lb. space- 
craft with a 1 50-in. maximum dimen- 

This payload would be launched 
by a Saturn IB with a new S-6 third 
stage. Stage would be a cluster of RL10 
engines with larger fuel tanks. 

Smaller payload, weighing 4,000 lb. 
with a 60-in. maximum dimension, 
would be launched by Saturn 1. which 
also would require a new third stage. 
Work statement also calls for a brief 
analysis of a 60,000 lb. payload with a 
260-in. maximum dimension, which 
would be launched by a Saturn 5. 

Payloads would be programed for 
launch in the 1967-1975 period. 

Companies invited to bid arc Aerojet, 
Aveo, Bell Aerosystcms. Bendix, Boeing, 
Douglas, Ford, General Dynamics. Gen- 
eral Electric, Hughes, Lockheed. Mar- 
tin, McDonnell, Motorola, North 
American, Northrop. Philco. Radio 
Corp. of America, Raytheon. Space 
Technology Laboratories and Sperry 
Rand. 



Re-entry Vehicle 

Force's Advanced Ballistic Re-entry Systems 
Program (ABRF.S) (AW Dec. 10. p. 27) 
was flown about -M00 naut. mi. recently 
down the Atlantic Missile Range. Chrysler 

at its base, was made of ablative, glass-fiber 
materials and was launched by an Atlas. 


Bonanza Ban Viewed 
As Blow to BAC 111 

W a s h i n g t o ii — C i v i 1 Aeronau t ics 
Board's 5-2 decision to deny Bonanza 
Air Lines authority to purchase three 
BAC 111 jet transports (AW Mar. 4, 
p. 33) is being viewed here as a severe 
setback to British Aircraft Corp.'s drive 
to sell the medium-haul transport in 
U. S. markets. 

Although CAB spokesmen have em- 
phasized that the Bonanza decision 
should not be interpreted as precedent- 
setting, feeling here is that if Bonanza 
cannot get the authority, few local 
service carriers can. Bonanza routes ap- 
pear to be logically suited to the BAC 
111, and its traffic growth-a 24% aver- 
age rate of increase during the past 10 
years-has given the carrier one of the 
highest load factors throughout the in- 
dustry. 

CAB officials stress that the decision 
was based purely on operational eco- 
nomics and was influenced by President 
Kennedy’s mandate that subsidies be 
eliminated as soon as. possible. Observ- 
ers here, however, point out that under 
the class mail rate subsidy formula, 
larger aircraft draw less subsidy than 
smaller aircraft, according to a gradu- 
ated scale. 

Meanwhile, BAC’s sales program was 
again bolstered last week when Braniff 
Airways announced it will take up its 
option for six additional BAC Ills to 
bring its order to 12 aircraft and the 
total of firm orders for the jet trans- 
ports to 39. 
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British Select AW-681 STOL for RAF 


By Herbert j. Coleman 

London — British government last 
week made the first moves toward 
streamlining its defense establishment 
along Pentagon lines and gave Gloster 
Whitworth approval to build the AW- 
681 short takeoff and landing transport 
as a replacement for the Royal Air 
Force’s Beverley and Hastings fleet. 

After a delay of more than a year, 
the controversy over fulfillment of OR- 
351 was resolved, but not until after 
Minister of Aviation Julian Amery ad- 
mitted that the government considered 
buying a foreign design (the Lockheed 
BLC-130) to save development costs. 

Contract went to Gloster Whitworth 
instead of Short Brothers & Harland, 
which had proposed a version of the 
Belfast turboprop transport, because the 
RAF preferred pure jet power. Airplane 
will be powered by four Bristol Siddeley 
Pegasus vectored-thrust engines, with a 
follow-on VTOL design calling for 
podded Rolls-Royce RB.162 pure lift 
engines. 

Design was frozen on the basis of 
the Bristol Siddeley poweiplants. but 
Rolls is expected to propose its vectored- 
thrust version of the Spey' engine for 
the project. 

In explaining why Short Brothers did 
not get the contract, Amery said the 
Belfast STOL would have been about 
100 kt. slower than the AW-681 and 
considerably more bulky. However, 
Short Brothers will be allotted a share 
of the production work, with a num- 
ber of airframe components farmed out 
to the Northern Ireland plant. 

Amery' did not disclose costs, but the 
plan probably will involve at least 50 
aircraft, and probably more. The con- 
tract will be worth about $300 million. 
In any event, the new V/STOL con- 
tract will have no effect on the planned 
layoff of 3,000 Gloster Whitworth 
workers in July, but it guarantees that 
the design team will remain intact. 

The minister said lie realized the de- 
cision in favor of the Hawker Siddeley 
aviation subsidiary is a "serious blow" 
to Short Brothers' design staff — now 
totaling about 700 persons. Short 
Brothers workload, when the 10 Bel- 
fast freighters for RAF are finished, 
includes subcontract work on the Vick- 
ers VC.10 four-jet transports, continued 
development of the Short Skyvan light 
transport, and production of the Short 
Scacat missile. Future production of 
the Skyvan will depend on current flight 
trials, according to C. W. Wrangham, 
Short Brothers chairman. 

Following British practice, first move 
toward construction of the AW-681 is 
confined to a project study award to 


Gloster Whitworth. Amery said, in ref- 
erence to Britain’s other important 
VTOL project, the supersonic Hawker 
P.l 1 54 for RAF and Royal Navy, that 
he expected the project study to be 
completed this month. 

In other projects, Amery' said the 
Ministry of Aviation was backing re- 

• Problems of suborbital manned flight 
at speeds up to Mach 14. New chemis- 
try. physics and metallurgical depart- 
ment is being set up at the Royal Air- 
craft Establishment at Farnborough. 
along with a new materials group at the 
explosives research and development es- 
tablishment. 

• Royal Radar Establishment is investi- 
gating behavior of pure materials at 
very low temperatures and Amery pre- 
dicted a breakthrough in the field as 
dramatic as that of the transistor. 

Amery also said a new generation of 
guided missiles was coming, but lie de- 
clined to discuss any details of the new 
nuclear weapon for the TSR.2 strike- 
reconnaissance fighter, other than to 
say it would result in more industry 
work and greater air force power. 

Under the defense reorganization 
plan, as revealed by Minister of De- 
fense Peter Thorncycroft. the admiralty, 
war office and air ministry will be sub- 
ordinate departments under a new 


Washington — Only major break- 
throughs required in the Apollo manned 
lunar landing program are in the areas 
of management, and the U. S. still “has 
a way to go" in coordinating the work 
of the several hundred thousand people 
involved in the program, Brainerd 
Holmes, manned space flight director 
for the National Aeronautics and Space 
Administration, told Congress last week. 

Both Holmes and James E. Webb, 
NASA administrator, emphasized in 
separate House hearings that the agen- 
cy’s $5.7-billion budget request is the 
minimum funding required to meet the 
manned lunar landing target date, be- 
lieved to be February. 196S. 

Holmes said that although manage- 
ment is a problem, Apollo is under 
control. He said NASA has established 
four "accountable levels of manage- 
ment," each having quickly recogniz- 
able scheduling targets. These are sub- 
systems, major systems, programs such 
as spacecraft, and launching. 

Holmes also told the House space 
committee’s manned flight subcommit- 
tee that the objectives of Apollo arc 
“to develop the ability to explore the 
moon before the end of this decade.” 


ministry of defense structure (AW 
Jan. 21, p. 38). The three sen-ices will 
retain their identities but the sendee 
ministers will be directly responsible to 
the minister of defense. 

Under the plan, the ministry of de- 
fense will be housed in a single building 
and the chiefs of staff will report to the 
minister. Future of the ministry- of avia- 
tion, which devotes 80% of its efforts 
toward military research, is still not 
determined, but it probably will take a 
new shape as the ministry’s research 
and development establishment and 
chief liaison branch with the British 
aviation and defense industry-. 

Revamping the defense establish- 
ment is the latest move toward closer 
integration of the three sen-ices, as pro- 
posed in the defense White Paper of 
1962 (AW Feb. 26. 1962, p. 36). 
Thornevcroft hopes the reorganization 
will be well under way by 1964. 

The defense minister also emphasized 
that the British defense policy was 
firmly based on continuation of the nu- 
clear deterrent-the V-bomber force 
followed by TSR.2 and the Polaris sub- 
marine fleet, balanced with conven- 
tional forces in Europe and a close 
working relationship with NATO. Mo- 
tion in Parliament to approve the de- 
fense plan was approved by a vote of 
323 for and 237 against. 


This is a subtle change from the objec- 
tive announced earlier— to land man on 
the moon and return him to earth. 

Holmes said another group of pilots 
will be selected as development of the 
Apollo spacecraft is ended, and the new 
pool may include a scientist. First flight 
will be made by non-scientists because 
there will be time for only six hours 
of experimentation, "and an astronaut 
can probably do as much as a scientist 
in this time,” he said. 

Dr. Hugh L. Dryden, deputy NASA 
administrator, told the House space 
committee last week that NASA will 
be ready to recommend to Congress 
next year what the next manned flight 
program will be. 

Webb said selection and timing of 
post-Apollo manned flight programs 
will determine budget levels in future 
years, and that if ambitious missions are 
selected, the S 5. 5-billion to S6-billion 
plateau he predicted earlier will have 
to be revised upward. 

Webb said if there arc any indica- 
tions of Soviet development of rockets 
in the Saturn 5 class, the U. S. big 
booster program could be accelerated 
by putting it on a “crash” basis. 


Management Termed Apollo Key 
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• NEWS OF THE WEEK 


United’s DC-8Fs 

New York— Three Douglas DC-8F 
turbofan freighters ordered bv United 
Air Lines for delivers- in early 1964 will 
be devoted exclusively to cargo use. 

Aircraft are. in this respect, like the 
four Boeing 707-320Cs ordered by Amer- 
ican Airlines (AW Oct. 29. p. 43). 
Neither American nor United's jet 
freighters will has-c passenger windows. 

United's order involves $19,800,000 
and an option for a fourth DC-8F. Planes 
will connect San Francisco. Los Angeles. 
New York, and Chicago. 


News Digest 


Radio Corp. of America last week re- 
ported operation of a plastic optical 
maser, emitting pulses of crimson light 
generated from a rare earth ion in an 
organic polymer. The device could make 
feasible a flexible class of optical masers 
due to possibility of using plastics of 
varying sizes and shapes. 

Civil Aeronautics Board has rejected 
an application by Hi-Plains Airways for 
subsidized, third-level airline service be- 


ENVIRONMENTAL 


MODULES 



Electronic Checkout Equipment 
Personnel or Equipment Vans 
Computers 

Ground Support Air Conditioners 


Protect your electronic equipment from overheat — 
prevent hot spots. Improve reliability and life of 
components with Environmental Modules. In the 
past 10 years Hokanson has designed and built more 
specialized military air conditioning equipment for 
a wider variety of applications than any other com- 
pany. This experience is immediately available to 
solve any of your temperature control problems. 



Consult Your VSMF Microfilm Catalog File 
SPECIALIZED AIR CONDITIONING 

C. G. HOKANSON COMPANY, INC. 


tween Omaha, Kansas City and Denver. 
Denial of the request may result in per- 
manent abandonment of’ the third-level 
concept. 

Selection of an industry contractor 
to build future Ranger spacecraft was 
expected to be made late last week bv 
NASA. Nortronics Div. of Northrop 
Corn, is regarded as a leading con- 
tender (AW Feb. 25. p. 39). 

United Aircraft Corp. last week re- 
ported profits of SIS.106,561 or S2.60 a 
common share on sales of S1.160.45S.- 
684 for 1962. compared until 510,020.- 
281 or SI .35 a share on sales of Sl.- 
094.756.591 in 1961. Increase in net 
earnings resulted primarily from lower 
costs in relation to sales, United said. 

Goddard Space Flight Center will 
hold a threc-dav conference in Wash- 
ington beginning Mar. 1 3 to report on 
the scientific findings of Alouette. Ariel, 
OSO-1 and Explorers 12, 14 and 15. 

Air-India has plans to purchase two 
Boeing 707-320Cs. subject to approval 
of Indian government. Aircraft, which 
would be delivered in 1964-65. would 
give Air-India eight Boeing jets. 

British Aircraft Corp., has formed a 
wholly owned subsidiary to integrate 
development and production of guided 
weapons in its other subsidiaries. Eng- 
lish Electric Aviation and Bristol Air- 
craft. which now will concentrate on 
airframe production. 
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EARTHLIGHT 


The selection of Grumman to design, develop and fabricate the NASA Lunar Excursion Module (LEM) 
which will be used to achieve the Apollo program’s goal of landing astronauts on the moon, opens a 
new chapter in the conquest of space. Boosted by a three-stage Saturn C-5 vehicle, the Apollo spacecraft 
will enter lunar orbit and LEM will separate from the spacecraft to begin its 
epoch-making descent to the lunar surface. 

Grumman is creating and designing for the future. “Yesterday’s dream, 
today’s hope, tomorrow’s reality” . . . Robert Goddard’s memorable phrase, has 
special significance for a company in the space effort, and for the individual 
who equates and projects his own career in terms of a company’s success. Engi- 
neers and scientists looking ahead are urged to investigate immediate openings 
in the following fields. 





GRUMMAN 


AIRCRAFT ENGINEERING CORPORATION 
Bethpage • Long Island • New York 
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OPPORTUNITY IN 

Missile & 
Gas Turbine 
Engineering 

at LYCOMING 


MISSILE & 
AIRCRAFT 
ACCESSORIES 
ENGINEERING 



GAS TURBINE 
ENGINEERING 

• Metallurgists 

• Welding Engineers 

• Heat Exchange Specialists 

• Aero-Thermodynamicists 

• Engine Test Engineers 

• Performance Engineers 

• Stress Engineers 

• Control Engineers 

• Publications Engineers 


Send complete resume including 
salary requirements to 

Mr. Harry A. Stone 


Lycoming 



DESIGN AND DEVELOPMENT 
ENGINEERS 

There's a challenging opportunity and a 
great future for you at Sparton Electronics 
. . where today’s creative engineering opens 
> the door to the world of tomorrow. 

WE HAVE IMMEDIATE OPENINGS FOR JUNIOR, 
ASSOCIATE AND SENIOR ENGINEERS IN- 

I OCEANOGRAPHY 
I ANTI-SUBMARINE WARFARE 
I COMMUNICATIONS AND 
NAVIGATION 

I ELECTRO-MECHANICAL PRODUCTS 

If you are an engineer who is interested in exploring fresh, excit- 
ing avenues in any of the above classifications . . . and you like 
working in pleasant surroundings, we invite you to contact us. 
Please submit your resume in confidence, stating salary 
requirements to — Personnel Director, Sparton Electronics 
Division, Sparton Corporation, Jackson, Michigan. 

SPARTON ELECTRONICS 

DIVISION /SPARTON CORPORATION JACKSON, MICHIGAN 
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Long a world leader in helicopters, we are expanding strongly into ever-widening areas of VTOL 
application. And we need men who can help build towards the fascinating future ahead. What 
tomorrow may hold can be gained by the many jobs being performed by Sikorsky VTOL systems 
today. This diversity spans: space capsule recovery • anti-submarine systems • equipment 
and personnel transport • rescue missions • airport passenger travel • industrial transport 
and personal transportation. 

It's a new and exciting era for the airframe engineers who can match their growth to ours. 

HERE ARE SOME OF THE AREAS OF OPPORTUNITY: 

AERODYNAMICS • AIRFRAME DESIGN • AIRCRAFT STRUCTURES 
MYLAR DESIGNING • WEIGHT CONTROL • PRELIMINARY DESIGN 
LIVE A FULL LIFE IN CONNECTICUT 

Stratford, Connecticut, has the things that count for living, working, playing. Here are pleasant 
villages, suburban living, medium-sized cities— and— less than an hour and a half's drive by 
parkway, the center of New York City. It's a lovely area, replete with excellent educational fa- 
cilities— varied cultural activities— and for outdoor fun . . . beaches, mountains, ski resorts, 
golf and yacht clubs. 

ACADEMIC ADVANCEMENT 

Further enhancing an ideal professional environment is the opportunity we offer engineers to 
earn advanced degrees through a corporate-financed Graduate Education Program. These 
programs are available at such accredited schools as Yale University, Rensselaer Polytechnic 
Institute (Hartford Graduate Center) and Columbia University. 

Send your resume, in confidence, stating salary requirements, to: 

Mr. Leo J. Shalvoy, Engineering Personnel. 


Sikorsky Aircraft - »■ “-™ ~ — 
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1 ENGINEERS ■ SCIENTISTS 


important 
& immediate 

m 3 pi 

Opportunities 

\ PRATT & WHITNEY AIRCRAFT 

1 mma 

CONNECTICUT or FLORIDA 


from* fuel cells to thermionic generators. P ° erapplca,on ranging 

And the environment ... be it picturesque Connecticut or bright Florida . . . 

■#■ 

amounting to multi-millions of dollars annually. 

IHeHS 

MISSILE * SPACE VEHICLES SYSTEMS ENGINEERING 

Florida & C.orrri.. RA-1691. AvIatiSn Weak. 

rEESr" 

"Put Yourself in the Other 
Fellow's Place" 

Many other openings for engineers and scientists at various experience 

TO EMPLOYERS 


mmmm 

MR. P. D. SMITH MR. J. D. MORTON 

ill applicant, and not J oat the premia- 

PRATT & WHITNEY AIRCRAFT PRATT & WHITNEY AIRCRAFT 

EAST HARTFORD 8, CONN. FLORIDA 

PB*! 


McGraw-Hill Publishing Co., Inc. 
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Pratt & Whitney fiircraft 



SOLAR 

FLARES! 


orbiting solar observatory study- One of the Critical Aerospace 

Areas for which REPUBLIC’S PAUL MOORE RESEARCH CENTER has R & D Contracts 
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UTH OF ELECTRICAL 
ENGINEERS 


is forming at Boeing's Verlol Division, the leader in the fast-growing helicopter industry. 1/ 
break-throughs in VTOL/STOL aircraft design to satisfy future as well as imim 
and military needs will depend heavily on the creative talents of electronic engineers. Boeing's 
Vertol Division offers you who join this distinguished group exceptional facilities and opportunities 
for personal progress. Positions of high potential are open in each of these categories: 


Electrical Test Equipment. Must have 8-10 
lit design experience on test 
equipment, preferably associated with the 
or missile fields. Assignment will 
check out of the entire electrical 
;d to helicopters. 


Positions in the design 



>. Openings ir 
:n group on military and commi 
communication systems. Projects in 


Electro-Mechanical. Positions in the electrc 
mechanical design group. Assignment ir 
volves design of electro-mechanical coir 
ponents and subsystems, definini 
ments, components selection, e 
testing and procedures; application design 
engineering and analysis. 

Electro-Hydraulic. Openings in the electro- 
hydraulic controls and circuitry group. 
Projects involve design of subsystems, com- 
ponents selection, evaluation, testing and 


these positions requires an appropriate educational background with aircraft or related 
al electronics experience and offers an attractive salary. Location: suburban Philadelphia. 
I your resume in complete confidence to Frank J. Skahill, Supervisor Professional Employ- 
ox AW311 
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PENNSYLVANIA 


IBM 

Systems and 
Scientific 
Programmers 
& Analysts 

Explore excellent career assignments 
available with IBM’s Federal Systems 
Division. Total systems development 
offers you unique opportunities to 
grow with the programming pro- 
fession ... to participate in the de- 
velopment of new techniques and pro- 
gramming applications. Immediate 
assignments are open with our ad- 
vanced systems staffs in: 

Programming analysis 

Simulation programming 

Real time operation programming 

These include challenging tasks in: 

Data Reduction 

Decision Programming 

Information Retrieval 

Logistics Simulation 

Message Switching 

Numerical Analysis 

Sound Recognition 

Orbital Prediction 

Problem-Oriented 

Language Processors 

These are opportunities for personal 
and professional growth. In addition 
to educational and benefit programs, 
salaries are commensurate with abil- 
ity and merit. Relocation expenses 
arc paid. Locations are in Washing- 
ton, D. C., Midwest, and Far West. 

Assignments are available at interme- 
diate and senior levels. Qualifications 
include experience in programming 
large-scale computer systems. 

Write today, outlining your back- 
ground, to: 

James H. Burg, Dept. 524C-2 
IBM Federal Systems Division 
Bethcsda 14, Maryland 

An Equal Opportunity Employer 
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Engineers & Scientists: Reconciling Vision and Technical Reality in Complex Electronic Systems 



JUST HOW SOON CAN A SPECIFIC NEW SCIENTIFIC 
ADVANCE BE UTILIZED IN AN ACTUAL SYSTEM? 


critical decisions which electronic systems 
:e today lie in this area. 


In the realm of missile and space vehicle guidance, navigation 
and control, the systems engineer at General Precision Aerospace 

knowledge into practical usage. 




THERMAL SYSTEMS ENGINEER 

g aMsa -ayffiaas 

SPACE ENVIRONMENT/POWER SOURCE - ENGINEERS 

gagSHESsSSSsS 


ELECTRO-OPTICAL SYSTEMS ENGINEERS 



MISSILE FLIGHT CONTROL ENGINEERS - ADAPTIVE/OPTIMAL 

INERTIAL GUIDANCE SYSTEMS - PROJECT MANAGERS 

DIGITAL SYSTEMS ENGINEERS - MANAGERS & ENGINEERS 
Analyse systems requirements and prepare specifications to sub-contractors 
lor air/space-borne computers of state-of-the-art nature. 

SUB-SYSTEMS SPECIFICATIONS - TECHNICAL LEADER 
Analyze ^systems requirements and prepare spec packages for distribution 
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We believe in versatile engineers here 
- men with specialties, yes - but 
with broad knowledge in many allied 
areas. Those who have an especially 
strong interest in diversification are 
encouraged to grow into creative sys- 
tems engineering. And the contacts 
between engineering operations and 
laboratory research are close. For 
example, circuit design engineers work 
hand-in-hand with applied physicists in extend- 
ing the state of the art in molecular circuitry. An in- 
stance of the success of this cooperation: Norden's solid 
state servo amplifier, which produces a significant power level of 
1.5 watts. (Work to obtain even higher outputs is underway.) 


TECHNICAL KNOW HOW 
AT NORDEN 

Interviews During IEEE Convention 
ippointment, phone in New York City (March 25-27) 

Mr. James E. Fitzgerald at PLaza 5-5673 

Plan also to visit Norden's displays at' 
loliseum . . . the Italy Room and 
Booth 2128 


Climate for Achievement at Norden. 
Engineers and scientists find a work- 
ing atmosphere at Norden that en- 
courages continued learning and 
growth. Here, staff members work on 
problem-solving teams, gaining broad 
exposure to many technical aspects of 
a project. Opportunities for advanced 
study at nearby academic institutions 
re open to qualified engineers under 
graduate program. Unsurpassed test and 
research facilities are available. And Norden’s location 
near Long Island Sound is outstandingly attractive and 
convenient, easily reached from Northern New Jersey, Westchester, 
New York City, Long Island, and of course, all of Connecticut. 


Opportunities at all technical levels on programs in the areas of submarine, helicopter, fixed wing aircraft and 
space vehicle display integration: 

VIDEO CIRCUITS • CATHODE RAY TUBE DRIVE CIRCUITS • HIGH SPEED ANALOG & DIGITAL PROCESSING • 
VIDEO SIGNAL SYNTHESIS • RADAR & TV SYNCHRONIZERS • HIGH VOLTAGE POWER SUPPLIES 


Also openings for: 

SEMICONDUCTOR DEVICE SCIENTISTS & ENGINEERS, r«d of silicon 


SYSTEMS ENGINEERS. Aerospace applications of military ground sup- 
RELIABILITY ENGINEERS. Review system and subsystem tests for design 
EQUIPMENT ^DESIGN ENGINEERS. Knowledge of stress analysis, heat 


Norden 



Please forward your resume to Mr. James E. Fitzgerald, 
Employment Dept., Helen Street, Norwalk, Connecticut. 
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A practical solution to the problem of communications with the X-20 
pilot— during launch and on his orbital path over the Atlantic Missile 
Range— has already been outlined by the engineers and scientists of 
PAN AM’s Guided Missiles Range Division at Cape Canaveral. 

Already a special staff of Engineering Program Managers at 
GMRD is preparing master plans for range development— en- 
compassing facilities and instrumentation systems for track- 
ing, telemetry and communications support of the X-20 space 
glider program. Working closely with the Air Force and X-20 
contractors, they are tailoring range specifications to match 
the demanding requirements of orbital rendezvous and dock- 
ing techniques by a manned space glider. 

As contractors for the development, engineeringand operation 
of the Atlantic Missile Range for the Air Force, GMRD presents 
recommendations for new equipments, then writes the spe- 
cifications for authorized new instrumentation and facilities, 
and monitors their development by industry, their installation 
and acceptance testing. 


Staff expansion is under way at GMRD to meet the range tech- 
nology needs of the next 15 years. You are invited to inquire 
about career opportunities for: 

Systems Engineers— EE’s, Physicists capable of assuming 
complete project responsibility for new range systems. 
Instrumentation Planning Engineers— EE’s, Physicists to be 
responsible for specific global range instrumentation concepts. 
Advance Planning Engineers— EE's, Physicists to evaluate 


Experience in one or more of these areas: Pulse radar. CW 
techniques, telemetry, infrared, data handling, communications, 
closed circuit TV, frequency analysis, command control, under- 
water sound, timing, shipboard instrumentation. 

tions in any of the areas above. Address Dr. Charles Carroll, 
Dept. 14C-2, Pan American World Airways, Inc., P.O. Box 
4465, Patrick Air Force Base. Florida. 




GUIDED MISSILES RANGE DIVISION 


ating the range technology for launches of DYNA-SOAR, GEMINI, APOLLO, ADVANCED SATURN BOOSTERS 
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AIRLINE OPERATIONS 



Station Management 
Operations Management 
Operations Engineering 
Operations Training 
Flight Contracting 
Opportunities for advancement. 
P.0. Box 3567, Washington, D. C. 


SEARCHLIGHT 

SECTION 
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Searchlight Section 


BUSINESS OPPORTUNITIES 


EQUIPMENT - USED or RESALE 



FOR SALE 

SIKORSKY HELICOPTER 

Model H03-S-1 plus $2000 worth of spare parts. Condition 
very good. Donated by Department of Defense as surplus prop- 
erty for Civil Defense purposes. 

LOCATED AT BALLSTON SPA, N. Y., AIRPORT 
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BELL MAKES MAJOR CONTRIBUTIONS TO NATION’S SPACE PROGRAMS 


Lunar Landing Research Vehicles — Moon-bound 
astronauts will be trained in approach, hover and touchdown 
procedures for landing on the lunar surface by means of two 
earth-bound Lunar Landing Research Vehicles being built by 
Bell for delivery to NASA early in 1964. 

Velocity Control for Ranger and Mariner — Bell Digital 
Velocity Meters, with their Bell accelerometers, provide 
critical inflight velocity data for the Ranger and Mariner 
probes. Bell has built more than 100 velocity meters for use 
in important space programs. Over 1,000 Bell accelerometers, 
the heart of the Bell Digital Velocity Meters, have demon- 
strated their precision and reliability in service. 

Reaction Controls for Mercury Astronauts — Bell rocket 
reaction control systems play a vital part in the success of the 


manned Mercury and X-15 research airplane programs. Bell 
is also providing these essential systems for Centaur and 
Dyna-Soar. 

Rochet Power for Gemini Rendezvous — The Bell 
Agena Rocket Engine, which placed both Ranger and Mariner 
in parking orbits and then propelled them on their trajec- 
tories to the Moon and Venus respectively, will provide main 
rocket propulsion and the 
secondary propulsion system 
for the Agena B rendezvous 
vehicle in the Gemini pro- 
gram. The 16,000 pound 
thrust Agena has placed 
more scientific payload in 
space than any other engine. 


BELL AEROSYSTEMS COMPANY - Buffalo 5, N.Y. 

C J DIVISION OF BELL AEROSYSTEMS CORPORATION 
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Mercury, Gemini and Asset Spacecraft • 

Phantom n Fighter, Attack and Reconnaissance Aircraft • Electronic Systems and Equipment • 
Ta/os Missile Airframes and Engines • Automation 


WHAT IT TAKES TO BUILD A PHANTOM 

Phantoms — world-record-breaking fighter, attack and reconnaissance aircraft for 
the U. S. Navy, Marines and Air Force — are built at McDonnell, in St. Louis. 


The Phantom came from advanced design 
engineers whose multi-service experience dates 
back to the mid-forties . . . Designers who laid the 
plans for the first jet plane to land and take-off a 
carrier, who designed the famous Banshees and 
Demons and Voodoos . . . Men who recognize the 
challenges of every mission ever conceived for a 
fighter aircraft and who design to meet those chal- 
lenges . . . Men who began to plan the Phantom 
in 1953. 

The form was drawn, reviewed, evaluated, 
then test flown on computers. Models were made 
and subjected to every condition in wind tunnels 
and environmental chambers. The Phantom took 
shape and was flexed and dropped and bent in 
every conceivable way. It first flew 27 May 1958. 
That was five years ago. Five years in which the 
designers reviewed and improved their concept 
and the Phantom began its first assignment with 
the U. S. Navy. 

Production engineers and skilled personnel 
mold from titanium, gold, steel, silver, aluminum, 
plastic, ceramics, resins, tin, glass, rubber, wood, 
and platinum the many thousands of shapes and 
forms that make up the Phantom. 

The techniques vary. Parts are shaped, wound, 
etched, hammered, sawed, drilled, punched. 


stretched, soldered, welded, riveted, glued and 
sealed. Technicians with years of experience read 
the blueprints, diagrams, designs and drawings 
and turn to’ presses that push with a force of 
10,000 tons; chemical baths that etch away un- 
wanted weight; automatic drills, mills, lathes, 
punches and profilers by the hundreds; welders, 
riveters, bonding machines and furnaces to shape 
the raw materials into the needed parts. 

Systems, components, parts and raw materials 
flow from the thousands of suppliers throughout 
America. Canopies, landing gear, communication 
systems, radomes, tires, generators, engines, radar 
arrive by train and plane and truck. 

All flow toward the final assembly area where 
the Phantom takes shape, moving along lines 
populated with seasoned assembly crews under 
whose hands each part, each component, reaches 
its time and place and is guided into position. The 
jacks fall away and the finished Phantom rolls to 
the paint shop and out the door. 

Time-qualified flight test crews run final checks 
and bring the Phantom to life. Engineering test 
pilots advance the throttles and the Phantom is 
airborne, America’s fastest, most versatile, most 
powerful fighter, ready to serve the air arms of 
the United States. 


For booklet describing record flights of the Phantom, 
write: McDonnell, Dept. 08, Box 516, St. Louis 66, Missouri 
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